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The  One  Hundred  and  Sixtieth  Ordinary  General  Meeting  of  the 
Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
January  13th,  1887— Professor  D.  E.  Hughes,  F.R.P., 
late  President,  in  the  chair. 

The  minutes  of  the  Annual  General  Meeting  were  read  and 
confirmed. 

The  names  of  new  candidates  were  announced,  and  ordered  to 
be  suspended. 

The   following  transfers   were    announced    as    having    been 
approved  by  the  Council '.-~ 

From  the  class  of  Associates  to  that  of  Members — 


Edwin  Blakey. 
W.  Lant  Carpenter. 


Gisbert  Kapp. 
Alfred  Thompson. 


From  the  class  of  Students  to  that  of  Associates — 


David  Abercrombie. 
a.  H.  Bailey. 
George  E,  Fletcher. 
VOL.  xvr. 


F.  W.  A.  Knight. 
William  Taylor. 
E.  J.  Wade. 


S  BEiTHOPCOTajWEL  SIR  FHANOrS  BOLTON.     fJan.  lith, 

ProfesBor  Hughes  :  It  is  my  sad  duty  to-night  to  announce 
the  death  of  one  of  our  most  esteemed  members,  Colonel  Sir 
Francis  Bolton.  It  is  &  loss  which  we  all  very  greatly  deplore, 
and  the  Council  feel  that  this  occasion  could  not  be  allowed  to 
pass  without,  moving  a  resolution  to  be  sent  to  Lady  Bolton.  I 
am  sure  all  present  will  wish  to  associate  with  ns  in  this  uiessage, 
which  is  HS  follows : — "  That  the  President,  Council,  and  Members 
of  the  Society  of  Telegraph-Engineers  and  Electricians  desire  to 
record  the  deep  regret  occasioned  to  them  by  the  death  of  Colonel 
Sir  Francis  Bolton,  Vice-President  and  Honorary  Secretary,  who 
was  one  of  the  founders  of  the  Society,  and  to  whose  energy  and 
liberality  much  of  its  early  success  was  due;  and  they  further 
desire  to  express  their  sincere  sympathy  with  Lady  Bolton  in  her 
bereavement,"  Before  the  motiou  is  pnt,  I  will  ask  major- 
General  Webber  to  make  a  few  observation". 

Major-General  C.  E.  Webber,  C.B. :  We  all  must  regret  very 
much,  at  this  our  opening  meeting  of  the  year  1887,  that  it  is 
our  sorrowful  necessity  to  deplore  the  loss  of  one  who  has  been 
amongst  us  for  so  many  years,  I  hope  the  meeting  will  excuse 
me  if  I  occupy  a  minute  or  two  in  mentioning  a  few  facts  in 
reference  to  the  career  of  Colonel  Sir  Francis  Holton,  and 
especially  in  connection  with  this  Society, 

For  twenty  years  I  have  known  him  as  a  friend,  and  at  the 
time  I  first  made  his  acquaintance  he  had  already  distinguished 
himself  in  the  Army,  and  had  been  appointed  Assistant  Quarter- 
master-General, serving  at  Chatham,  having  been  brought  there 
for  the  purpose  of  instructing  the  oEBcers  of  Koyal  Engineers  in 
signalling.  Selected  for  that  work  by  that  good  old  soldier  Sir 
John  Burgoyne,  he  filled  the  position  with  great  credit,  and 
introduced  what  were  (although  not  new  to  the  Army)  systems 
which  have  been  of  material  use  in  advancing  the  science  of 
telegraphy  in  warfarp,  and  which  have  been  more  or  less  in  use 
ever  since.  Associated  with  Captain  Colomb  of  the  Koy.il  Na\'y, 
he  brought  out,  as  we  all  know,  a  code  book  whicii  was  for  many 
years  the  means  of  bringing  the  Army  and  Navy  together  for  one 
object,  viz.,  for  coramtmicalion  by  visiunl  signalling.  About  1869 
life  lefirjthe  ^Jany,  apd  entered  on  industrial  undertakings,  which 
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he  carried  on  at  No.  4,  The  Sanctiiary,  vhere  we  have  almoBt 
ever  BiDce  the  year  1672  been  his  tenants. 

Early  in  the  year  1870,  I  think  it   was  in   May,  he  and  I 

brought  onr  heads  together  one  day  on  an  idea  which  had  come 

into  my  mind  just  after  attending  a  meeting  of  the  Association 

of  Gas  Engineers  and  Managers,  and  with  his  bright  foresight  he 

seized  upon  the  suggestion  of  forming  a  Society  for  Telegraph 

Engineers.     During  that  summer,  we  and  Mr.  Sabine  (whose  loss 

we   have   also   had  to  deplore)   met   frequently,   and   at  those 

meetings  the  birth  of  our  Society  took  place.     I  must  Bay  that  it 

was  to  Major  Bolton  (as  he  was  then)  that  we  owe  our  existence  as 

a  Society.     It  was  due  to  his  energy  and  to  his  far-seeing  views 

of  the  position  that  telegraphy  was  going  to  take  in  this  country, 

aHed  by  the  researches  he  had  himself  made  in  signalling,  and 

which  he  had  made  so  extremely  interesting  a  subject.     Although 

1  have  had  the  honour  of  my  name  being  associated  with  liim  as 

one  of  the  founders,  I  must  say,  and  have  always  said,  that  if  it 

had  not  been  for  Frank  Bolton  the  Society  might  not  have  come 

into  existence  at  the  early  period  that  it  did.     During  late  years 

we  have  not  seen  so  much  of  his  pleasant,  happy  face  at  this  table 

aa  we  did  during  the  Brat  four  or  five  years  of  the  Society,  but  he 

never  had  lost  his  interest  in  it ;  and  when  other  tasks  took  him 

nway  and  absorbed  liis  time,  he  never,  in  his  office,  or  at  any  other 

■  imea  when  we  met,  forgot  to  say  or  do  something  to  further  and 

help  the  work  of  this  Society.     His  life,  as  we  all  know  from  what 

he  gave  himself  to  do,  was  one  of  increasing  toil.     I  have  rarely 

met  a  man  who  could  get  through  so  much  work  in  twelve  hours, 

and  it  was  in  that  work,  in  all  directions,  whether  it  was  for  the 

advancement   of   his    occupations   or   for   the   advancement    of 

wience,  that  lie  toiled  on  in  harness  to  the  end.     I  was  told, 

by   those  who   were   near   him   at   his   last   moments,  that   on 

the  morning  of  his  death   he  asked  to  see,  and  saw,  many  of 

his  letters.     To  such  a  man  as  that,  as  also  one  of  our  founders, 

we  must  ail  look  with  great  respect,  and  his  memory  will  dwell 

with  us  for  many   years.     I  think  that   the  meeting  will  join 

tally  in  agreeing  that  a  letter  of  warm  condolence  shall  be 

sent   to   Lady    Bolton,   expressing    our    deep   regret    and    o\ir 
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unanimous  sorrow  for  the   loss   of  our  departed  brother  Frank 
Bolton. 

Profesaor  Hcnms:  Yon  have  beard  the  motion  and  the 
eloquent  words  of  Major-General  Webber,  which  express  ao  well 
the  grief  which  we  all  feel.  I  am  sure  that  you  all  wish  to 
aaiociute  with  ua  in  this  vote  of  condolence,  and  I  ask  you  to 
unanimously  pass  it  by  holding  up  your  hands. 

The  motion  wae  carried  unanimously. 

We  have  now  a  most  pleasant  duty  to  perform,  and  one  which 
gives  me  very  great  pleasure  indeed,  and  that  is  to  present  the 
premiums  which  have  been  offered  by  our  Society  to  the  authors 
of  those  papers  which,  after  examination  by  the  Council,  have 
been  found  to  be  worthy  in  every  respect  of  this  high  mark  of 
their  approval.  During  the  past  year  we  have  bad  most  excellent 
papers  by  members  of  our  Council,  but  these,  according  to  the 
rules  of  our  Society,  were  not  eligible  for  the  premiums ;  very 
fortunately,  however,  we  had  three  meritorious  papers  by  members 
and  associates  not  on  the  Council,  and  each  of  these  were  found, 
upon  examination,  to  possess  such  high  merit  as  to  fully  entitle 
theto  to  one  of  our  premiums. 

The  "  Society's  Premium,"  value  £10,  has  been  awarded  to 
Mr.  Alexander  Bernstein,  for  his  ^laper  entitled  "Electric  Lighting 
by  means  of  Low-resistance  Glow  Lamps."  In  that  paper  he  not 
only  treated  of  his  special  form  of  kmp,  but  worked  out  every 
detail,  from  the  dynamo  to  the  lamp,  thus  constituting  a  distinct 
and  very  original  system.  I  am  sure  that  the  results  of  the 
beautiful  experiments  he  showed,  and  the  character  altogether  of 
the  paper,  make  it  pre-eminently  suited  for  our  premium,  and  it 
is  with  great  pleasure  that  I  now  hand  Mr,  Bernstein  the  micro- 
scope which  he  has  chosen.  The  "Paris  Electrical  Exhibition 
Premium,"  value  £5,  has  been  awarded  to  Captain  H.  R.  Sankey 
of  the  Royal  Engineers,  for  his  paper  entitled  "On  a  Problem 
relating  to  the  Economical  Electrolytic  Deposition  of  Copper." 
The  subject  treated  by  Captain  Sankey  is  one  that  has  been  too 
little  dealt  with.  Electro-metallurgy  has  made  enormous  strides 
since  the  application  of  the  dynamo,  and  Captain  Sankey  has 
dealt  with  the  subject  in  a  way  that  ia  appreciated  greatly,  not 
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only  by  the  Society,  but  abroad ;  for  Professor  Moses  G.  Farmer, 

of  Boston,  U.S.A.,  who  has  had  great  experience  in  the  electrolytic 

ejKisition  of  copper,  has  written  me  a   letter  on  this  subject, 

lying  that  he  regards  Captain  f^ankey's  jiaper  as  one  of  very 

great  importance.     I  must  also  congratulate  Captain  Sankey  for 

having  been  able  twice  in  succession  to  obtain  one  of  our  premiums. 

He  has  chosen  a  clock  and  Maxweirs  "Treatise  ou  Electricity  and 

gnetism,"  which  I  now  present  to  him  with  very  great  pleasure. 

be  "  P'ahie  Premium,"  value  £5,  has  been  awarded  to  Mr.  H. 

Kingaford  for  his  paper,  "  tin  a  MethotI  of  Localising  a  Fault  in 

a  Cable  by  testing  from  one  end  only."     ]\Ir.  Kingsfoid  is  at 

present   in   Peru,  and    probably   does   not  yet   know   that   the 

premium  has  been  awarded  to  him.     The  method  employed  by 

^_]Sdr.  Kingsford  seems  to  be  originul  and  of  practical  value :  he  has 

^^knployed  it  himself  in  testing  submarine  cables,  and  no  doubt 

^^ka  publication  in  otir  Journal  will  lead  to  its  extended  use.     We 

^^particularly  desire  to  have  paper*  relative  to  progress  in  electric 

telegraphy,  and  we  hope  our  members  and  associates  will  bring 

before  the  Society  any  serious  improvement  that  has  been  made 

in  this  most  important  branch  of  applied  science. 

Another  duty  which  I  have  to  perform  is  to  thank  you, 
gentlemen,  most  sincerely  for  the  very  kind  attention  which  you 
have  given  me  during  my  presidential  career.  It  is  owing 
entirely  to  the  kindness  and  forbearance  on  your  part  that  I  have 
been  able  to  surmount  the  difficulties  of  my  situation. 

I  have  also  another  most  agreeable  duty,  and  that  is  to  intro- 
dace  my  most  worthy  and  able  friend  the  President-elect,  Sir 
Charles  T.  Bright,  and  ask  him  to  take  the  presidential  chair  and 
read  his  presidential  address,  to  which  I  am  sure  we  shall  all 
give  the  most  earnest  attention. 

The  President,  Sir  Charles  T,  Bright,  then  took  the  chair. 
Professor  G.  Forbes  :  Before  we  proceed  to  the  other  business, 
there  is  a  duty  which  I  feel  sure  every  one  here  will  heartily 
sympathise  with  me  in  fulfilling,  I  wish  to  propose  a  hearty 
vole  of  thanks  to  our  Past-President,  Professor  D.  E.  Hughes,  for 
the  able  way  in  which  he  has  filled  the  chair  during  the  past 
jear.     It  falls  to  our  lot,  in  diS'erent  years,  to  have  Piesideata 
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whose  luitnes  are  associated  witii  diSerenl  parts  of  our  science. 
At  one  time  we  have  a  man  whose  name  is  associated  with  tele- 
graphy ;  at  another  time  one  who  represents  physical  science ; 
Aod  at  another  time,  perhaps,  one  who  haa  done  great  things  in 
other  practical  applications  of  electricity.  We  have  always  felt 
that  the  name  of  Professor  Hughes  stood  very  high  in  the  opinion 
of  the  world,  not  only  as  the  inventor  of  one  of  the  moat  impor- 
tant Printing  Telegraph  Instruments  ever  constructed — not  only 
for  Ids  inventions  connected  with  the  ]\licrophone,  the  Induction 
Balance,  and  other  allied  instruments,  which  I  heard  eulogised 
HO  much  by  Professor  Stokes,  on  the  presentation  to  Professor 
Hughes  of  the  medal  of  the  Royal  Society  — not  only  in  those 
directions  does  Professor  Hughes'  name  stand  very  high  in  the 
civilised  world,  but  also,  and  from  a  point  of  view  which  I  look  at 
with  especial  interest — as  an  investigator  of  pure  science — an 
investigator  of  the  very  rare  and  much  to  be  desired  kind,  a  pure 
lover  of  science  who  investigates  science  with  the  object  of  trying 
to  find  out  new  facts  in  nature.  For  these  reasons,  not  only  has 
Professor  Hughes  been  a  worthy  President  to  ns,  but  he  baa  by  his 
work,  shed  a  lustre  upon  the  Society  over  which  he  has  presided. 
But  apart  from  these  qualifications,  he  has,  as  every  one  in  this 
room  must  have  ohsen'ed,  conducted  his  duties  in  a  manner 
which  showed  bia  appreciation  of  the  onerous  post  which  he 
oconpied ;  and  he  has  devoted  himself  heartily  during  the  past 
year  to  the  interests  of  the  Society.  Whether  in  this  room  or  in 
the  council-room,  he  has  evidently  always  had  in  his  mind  that  he 
was  in  a  responsible  position,  and  that  it  was  bia  bounden  duty  to 
devote  himself  to  the  interests  of  the  Society.  He  has  done  this 
perse veringly  during  the  whole  time  until  this  very  day ;  and  I 
have  the  greatest  pleasure  in  proposing  a  most  hearty  vote  of 
thanks  to  Professor  Hughes  for  the  way  in  which  he  has  con- 
ducted the  duties  of  President  of  the  Society  during  the 
Ijast  year. 

Mr.  W.  H.  Pkeece  ;  I  have  very  great  pleasure  in  seconding 
this  proposition.  There  are  some  here  who  know  the  difficulty 
we  bad  in  inducujg  Professor  Hughes  to  accept  the  position  of 
President,  but  we  succeeded,  almost  against  Uis  will,  and  1  do  not 
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think  there  i9  a  single  man  in  this  room  who  regrets  the  choice 
that  we  made. 

The  President  put  the  motion,  which  was  carried  most  heartily. 

Professor  D.  EL  Hcghes  :  My  emotion  is  too  great  to  find  wordu 
to  espress  adequately  my  thanks  for  the  mot  ion  you  haveso  cordially 
passed,  nor  to  sufficiently  thank  Proressor  Forbes  and  Mr.  Preece 
for  the  very  warm  worrls  they  have  used  in  my  regard.  It  was 
with  the  utmost  diffidence  that  I  accepted  the  high  honour  you 
kindly  bestowed  on  me  when  you  elected  me  your  President,  but 
.1  resolved  to  do  all  in  my  power  to  forward  the  interests  of  the 
Society.  If  I  have  succeeded,  it  is  entirely  due  to  the  constant 
aid  and  energetic  support  of  our  Council.  All  who  have  been  on 
our  Council  know  how  earnestly  they  work  in  the  interests  of  the 
Society,  and  I  have  to  thank  them  sincerely  for  the  kind  support 
■Trith  which  they  have  endeavoured  to  render  my  task  as  light  as 

sible.  Further,  I  have  to  thank  our  moat  able  and  worthy 
tary,  Mr.  F.  H.  Webb.  We  all  know  how  the  success  of  a 
aety  depends  u]ion  an  energetic  and  able  secretary,  and  Mr. 
Webb  has  not  only  attended  to  all  the  duties  of  the  Society,  but 
he  has  done  all  in  his  power  to  lighten  any  labours  which  I  might 
have,  and  therefore  I  desire  also  to  give  him  my  wannest  thanks. 
Allow  me  in  the  these  few  words  to  thank  you  all  for  your  great 
kindness.  ,    ,.■. 

ADDRESS  OF  THE  PRESIDENT,  SIR  CHARLES  BRIGHT. 

In  addressing  you  at  the  first  meeting  of  our  new  session,  I 
wish  in  the  first  place  to  express  my  most  cordial  thanks  for 
the  honour  conferred  upon  me  in  being  elected  to  the  office 
of  President  during  the  present  year,  the  more  so  because  it 
is  a  period  specially  interesting  to  us,  as  in  it  occurs  the  Jubilee 
of  the  Accession  of  our  beloved  Sovereign,  and  also  of  the  first 
practical  realisation  of  the  electric  telegraph. 

I  am  glad  to  be  able  to  state  that  our  Society  continues  to 
flourish ;  and  to  maintain  its  justly  acquired  reputatioa  for  the 
value  and  utility  of  the  papers  read,  aud  of  the  discussions  upon 
them ;  which  are  often  of  more  import&,nce  than  even  the  pa^ra 
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themselveB,  as  bringing  forward  views  and  information  on  different 
Bides  of  the  queBtione  raised ;  and,  while  I  refer  to  this,  I  wish 
t.Q  say  that  I  should  like  to  hear  more,  if  possible,  during  the 
diBcnssions  in  the  course  of  this  session,  from  those  who  have  not 
been  bo  long  in  the  Society  as  some  of  us,  and  the  only  way  to 
obtain  this  result  is  that  those  who  join  in  the  eai-ly  part  of  any 
diacussion  should  make  their  remarks  as  concise  and  as  much  to 
the  point  as  possible,  so  that  our  juniors  may  have  time  left 
to  speak. 

The  total  number  of  our  members  of  all  classes  is  now  1,343. 
At  the  first  meeting,  in  February,  1872,  it  was  only  110.  At 
that  meeting  the  President,  referring  to  the  raison  d'etre  of  the 
Society,  adverted  to  the  imposaibility  of  one  great  scientific 
body  hke  the  Royal  Society  succeeding  in  cultivating  all  the 
different  departments  of  science  in  detail ;  and  that  therefore 
other  societies,  like  the  Astronomical,  the  Geological,  the 
Chemical,  or  our  own,  were  essential  for  their  own  especial 
fields  of  scientific  knowledge  and  practice. 

It  is  somewhat  curioua  that  Dr.  Priestly  had  the  same  views 
when,  so  long  as  one  hundred  and  twenty  years  ago,  in  the 
preface  to  his  "  History  of  Electricity,"  he  suggested  that  an 
Electrical  Society  should  be  formed,  to  be  devoted  to  electrical 
and  kindred  investigations.  "  The  business  of  philosophy,"  he 
said,  "  is  so  multiplied,  that  all  the  books  of  general  philo- 
sophical transactions  cannot  be  purchased  by  many  persons  or 
read  by  any  person.  It  is  high  time  to  subdivide  the  business, 
that  every  man  may  have  an  opportunity  of  seeing  everything 
that  relates  to  his  own  favourite  pursuit,  and  all  the  various 
branches  of  philosophy  would  find  their  account  in  this 
amicable  separation.  Let  the  youngest  daughter  of  the 
sciences  set  the  eiam[ile  to  the  rest,  and  show  that  she  thinks 
herself  considerable  enough  to  make  her  appearance  in  the 
world  without  the  company  of  her  sisters." 

This  suggestion  of  T)r.  Priestly,  made  in  the  year  1767 — long 
before  galvanism,  electro-magnetism,  thermo-electricity,  and 
magneto-electricity  were  known — bore  no  fruit,  at  all  events  not 
for  many  years. 
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^H        In  June,  1637,  however,  a  society  was  formed  entitled  the 
^™"  London  Electrical  Society,"  of  wliich  Miv  Gassiot  and  Air.  Stur- 
geon were  the  principal  fonnders,  one  becoming,  subsequently,  the 
treasurer,  the  other  the  first  president.     The  name  of  the  former 

■Trill  be  well  remembered  for  his  reseuiches  in  electricity,  and  for 
the  liberal  manner  in  which  he  constructed  apparatus  on  a  large 
scale  for  the  purpose.  The  latter  name  suggests  a  long  record  of 
experiments,  of  which  the  most  valuable  was  his  discovery  of 
magnetising  bars  of  soft,  iron  and  rapidly  changing  their  polarity, 
by  voltaic  currents ;  in  other  words,  the  invention  of  soft  iron 
electro-magnets,  which  are  so  largely  used  in  telegraphs,  tele- 
phones, and  almost  every  kind  of  electrical  appliance.' 

Mr.  Sturgeon,  the  President  of  that  Society,  in  hie  inaugural 

IS  in  October,  1837,  claimed  "  that  electricity  was  the  most 

portant  exfierimental  science  ever  cultivated   by  man,"  and 

remarked  that  the  preceding  forty  years  had  been  more  productive 

of  electrical  discovery  than  all  the  antecedent  centuries  embraced 

in  the  history  of  the  Bcience."t 

Sturgeon  was  justified  in  his  conclusion :  for  those  forty  years 
included  the  labours  and  discoveries  of  Volta,  Brewster,  Arago, 
Humboldt,  WoUaston,  Davy,  Oersted,  Ampere,  Schweigger,  Ohm, 
Becquerel,  and,  above  all,  of  Faraday,  who  was  then  in  the  midst 

I  of  bis  ever  memorable  experiments. 
A  number  of  papers,  upon  almost  every  branch  of  electrical 
science  then  known,  were  contributed  to  the  proceedings  of  the 
London  Electrical  Society ;  part  of  which  were  published  in  its 
Transactions,  which  will  he  found  in  our  library,  and  the  remainder 

t  Sturgeon's  "  Annals  of  Electricity." 
The  Society,  however,  lacked  in  vitahty ;  there  were  in  its 
A  days  only  76  members,  and  it  was  finally  dissolved  in  a  little 
p  than  six  years. 
"  The  late  Mr.  C.  V.  Walker,  who  was  one  of  its  members,  having 
joined  in  April,  1838,  told  us,  in  his  presidential  address  here,  all 
about  the  decline  and  fall  of  that  email  society.     He  ultimately 
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became  both  treasurer  and  secretary.  Aa  treasurer,  in  the  cul- 
minating yeax  of  decay,  he  only  received  £77  with  which  to  pay 
himself  aa  sBcretary,  for  the  printing  and  publisliing  of  the  pro- 
ceediiig9  and  all  other  expenses  of  the  Society.  ^^| 

Now    our    Society  of  Telegi"aph-EngineerB  and   Electriciani^ 
commenced  its  yearly  accounts  at  the  end  of  1872  with  eubBCrii*- 
tions  to  the  amount  of  £i22.    In  its  eixth  year  the  tressorer 
"received  £1,275,  of  which  £615  was  espeuded  iu  printing  and 
issuing  the   Society's  valuable  journal.     The  income   last  y 
amounted  to  £1,818. 

The  income  of  the  Society  was,  during  the  first  years  of 
existence,  almost  exclusively  derived,  aa  it  still  is  to  a  very  large 
extent,  from  the  subscriptions  of  those  who  are  more  or  less 
intimately  associated  with  electric  telegraphs,  for,  although  every 
other  branch  of  applied  electrical  science  is  now  well  represented 
on  the  list  of  members,  a  large  contingent  of  subscriptions  still 
come  from  those  engaged  in  the  Postal  Telegraphs,  in  the  Indian 
Government  Telegraphs,  in  the  large  submarine  cable  companies, 
and,  in  fact,  from  telegraphists  spread  over  the  face  of  the  globe ; 
others,  again,  from  the  large  manufactories  connected  with  the 
supply  of  telegraphic  instruments,  materials,  cables,  and  their 
accessories.  Our  Society  might  well  use  the  motto  of  the  Royal 
Engineers,  "  Ubiquf,^  or,  let  us  say,  *'  Qua:  regio  ifli  terria  iiostri 
lion  pUna  laloris." 

A  purely  electrical  society  might  perhaps  have  had  more 
success  than  its  predecessor,  at  the  time  when  our  Society  was 
established,  but  I  doubt  it ;  for,  on  investigating  the  practical 
applications  of  electricity  for  the  general  use  of  mankind  during 
the  last  half-century,  we  find  that  nearly  the  whole  of  the  work 
done  and  capital  invested  has  been  connected  with  electric 
telegraphs,  at  all  events  until  1878,  since  when  a  material 
movement  has  taken  place  in  the  development  of  electric  lighting 
and  telephones. 

The  earlier  part  of  the  present  century  was  one  of  surpassing 
interest  in  the  advance  of  electrical  knowledge,  and  all  the 
requirements  for  an  electric  telegraph  were  at  hand:  the  voltaic 
battery,  the  electro-magnet,  the  multiplying  coil,  the  magnetic 
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needle,  together  with  the  knowledge  that,  if  suspended,  it  could 
be  deflected  by  a  galvanic  current  passing  through  a  fixed  coil 
adjacent  to  it ;  all  were  ready,  and  it  is  not  to  be  wondered  at 
that  nnmeroos  devices  for  carrying  on  telegraphic  communication 
by  means  of  electricity  were  proposed  and  shown  by  many 
philosophers  and  experimentalists  in  different  parts  of  the 
civilised  'world. 

Ampere  himaelf  proposed,  on  the  suggestion  of  the  illus- 
trious La  Place,*  that  a  telegraph  might  be  made  with 
needles  deflected  in  such  a  manner  as  to  communicate  difierent 
letter!)  of  the  alphabet ;  and  it  was  subsequently  computed,  at  the 
trial  of  an  American  patent  case,  that  more  than  sixty  claims 
might  be  made  out  for  suggestions  of  various  kinds  for  an  electric 
telegraph  prior  to  its  actual  realisation. 

It  is  no  part  of  my  purpose  to  attempt  to  award  the  pro- 
portion of  merit  due  to  each  or  any  of  the  long  array  of  inventors. 
Hundreds  of  most  promising  discoveries  have  died  an  early  death 
for  lack  of  industry  or  perseverance  to  foster  them.  The  man 
who  begins  by  inventing,  and  afterwards  struggles  through  every 
obstacle  and  with  the  greatest  difficulty  brings  it  into  actual 
practice,  outstrips,  to  my  mind,  him  who  is  merely  the  prelector 
of  even  the  most  ingenious  invention  which  history  records. 

A  man  of  genius  and  perseverance,  such  as  I  have  pictured, 
thus  expressed  himself  some  years  later  upon  the  subject: — 

'*  If  the  electric  telegraph  were  to  be  described  generally  in  a 
few  words,  how  should  it  be  described  ?  Might  it  not  be  called 
an  application  of  a  few  known  principles  by  means  of  a  few  simple 
contrivances  to  produce  a  practical  result,  which  the  experiments 
of  scientific  men,  although  their  attention  had  been  directed  to 
the  subject  for  a  long  series  of  years,  had  &iled  to  produce  ? 
The  merits  of  the  invention  must  therefore  consist,  to  a  very 
great  degree  at  least,  in  the  practical  realisntion  of  that  which 
before  had  been  an  idea  or  an  experiment."  t 

The  writer  of  the  foregoing  was  Mr.,  afterwards  Sir  William, 


•  "  Annalea  de  Ohimie,"  I,  St.,  p.  72. 
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Cooke,  an  officer  in  the  Madras  Army,  who  returned  from  India 
on  furlough  in  1831. 

The  Liveqx)ol  and  Manchester  Railway  had  been  opened  for 
public  traffic  a  few  months  before,  and  had  proved  a  great  success, 
the  receipts  being  what  was  then  considered  the  enormous  sum 
of  £250  a  day,  or  a  little  more  than  £90,000  per  anaum.  This 
was  derived  from  fares  of  7s.  6d.,  and  three  trains  running  each 
way  daily. 

The  public  were  fully  appreciative  of  the  boundless  advan- 
tages of  this  stuijendous  ^lower,  and  the  general  interest  in  it  was 
almost  without  parallel. 

Notions  of  speed  and  distance  were  still  relative,  but  their 
meaning  bad  been  changed. 

\ew  railways  were  auuounced  from  London  to  Birmingham, 
thence  to  Manchester,  and  in  many  other  directions.  Cooke  was 
a  man  of  great  intelligence  and  scientific  tastes,  and  the  eflfect  on 
the  history  of  telegraphs  produced  by  the  interest  which  this 
altered  state  of  locomotion  awakened  in  his  mind  will  be  seen 
hereafter. 

A  few  years  later,  vij;,,  in  March,  1836,  when  at  Heidelberg, 
he  saw  for  the  first  time,  at  the  lecture-room  of  the  Professor  of 
Natural  Philosophy,  one  of  those  experiments  to  which  I  have 
referred  as  being  frequently  exhibited  to  illustrate  the  possibility 
of  telegraphing  to  a  distance  by  electricity ;  it  was  fitted  up 
between  the  professor's  study  and  the  lecture-room,  and  consisted 
of  a  pair  of  suspended  needles,  and  fixed  coils  much  after  the 
fashion  of  Ampere's  idea  suggested  by  La  Place  fifteen  years 
before,  which  had,  however,  like  many  others,  been  unproductive 
of  any  useful  result. 

Cooke  was  deeply  impressed  by  this  eiperiraent,  and  with  the 
conviction  that  electricity  might  be  applied  as  an  instantaneous 
means  of  communication  for  the  working  of  the  railway  system  then 
extending  all  over  England,  as  well  as  for  Governmental  and 
general  purposes. 

So  sanguine  was  be  as  to  the  success  of  his  scheme  that  he  at 
once  abandoned  his  former  pursuits  and  devoted  himself  esclu- 
aively  to  the  practical  realisation  of  an  electric  telegraph.  Within 
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three  weeks  he  made  his  first  telegraph,  besides  working  out 
aamerous  supplementary  defail?. 

In  November,  1836,  he  showed  to  Mr.  Faraday  the  apparatus 
which  he  had  constructed  in  order  to  exhibit  to  the  directoni  of 
the  Liverpool  and  Manchester  lice. 

No  grass  had  grown  under  his  feet  since  the  idea  had  flashed 

his  mind  some  months  before  ut  Heidelberg.  He  was  sliii 
absorbed  in  the  first  notion  which  struck  him,  of  associating  his 
electric  telegraph  with  the  working  of  railways  for  their  mutual 
£'  B&fety  and  economy,"* 

Early  in  the  next  year  he  became  acrjuainted  with  Professor 
Wheatstone,  who  had  been  in  the  habit  of  showing,  in  his  lecture- 
tooro,  the  feasibility  of  telegraphing  by  electricity,  using  two 
galranometers  and  a  permutating  key-board  by  which  deflections 
of  the  magnetic  needles  could  be  exhibited. 

There  is  no  occasion  here,  or  in  any  ci\'iUsed  country,  to 
t  upon  the  great  scientific  attainments  and  acluevements 
Sir  Cliarles  Wheatstone,  from  his  memorable  experimental 
determination  of  the  velocity  of  electricity,  in  1834,  to  the 
remarkable  recording  telegraph  apparatus  perfected  by  him  in 
lat«r  days  with  the  skilful  aid  of  our  ingenious  mechanical 
engineer,  Mr.  Stroh,  a  member  of  our  Council. 

The  result  of  the  two  experimentalists  becoming  known  to 
each  other  was  that  they  soon  after  agreed  to  combine  their 
inventions ;  a  patent  in  their  joint  names  was  applied  for, 
receiving  the  Great  Seal  on  the  12th  June,  1837. 

The  specification  of  this,  the  first  patent  for  electric  telegraphs 
in  any  country,  is  very  elaborately  drawn  up,  occupying  forty-six 
large  printed  ^wiges  and  three  large  sets  of  drawings  showing  the 
details  of  their  inventions.  It.  comprises  a  complete  reciprocal 
telegraphic  system:  indicating  instruments  of  several  kinds, 
sendinff  and  receiving  keys  very  much  like  some  of  those  used 
even  now,  methods  of  supporting  and  insulating  the  conducting 
wires,  alarums  worked  by  relays,   and    means   of    ascertaining 

la  in  the  line-wire  by  the  use  of  detectors.     The  wires  were 
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to  be  placed  in  troughs,  being  preriouslv  covered  witli  cotton 
and  a  resinous  cement,  and  with  varnish  of  difiFereut  colours  for 
the  several  wires  bo  as  t«  distinguish  them  in  case  of  repairs 
being  needed. 

It  will  be  seen  by  the  foregoing  abstract,  and  still  more  by 
any  one  who  will  examine  this  highly  interesting  specilication, 
that  the  joint;  patentees  had  considered  in  a  moat  carefiil  tnannw 
many  of  the  reciuisites  and  contingencies  of  the  work  which  they 
were  about  to  undertake.  I  may  add  that  in  after  years  the 
validity  of  the  patent  was  upheld  in  two  cases  of  infringement- 
Soon  after  the  patent  waa  granted,  permission  was  given  by  the 
directors  of  the  London  and  Birmingham  Railway  to  lay  down 
the  wires  between  Enston  Square  and  Camden  Town  Station ;  and 
by  the  latter  part  of  July,  1837,  the  first  practical  realisation  of 
the  electric  telegrapli  in  its  application  to  railway  working  was 
ready  for  trial. 

Late  in  the  evening  of  the  25th  of  that  month,  Mr.  Cooke 
and  Professor  Wheatstone  stationed  themselves — the  one  at 
Camden  Town  Station,  the  other  at  Euston  Square.  In  order  to 
try  whether  the  instramenta  would  work  through  considerable 
distances,  some  miles  of  wire  along  which  the  current  had  to 
pass  (besides  the  wires  in  the  open  air)  were  suspended  in  the 
large  carriage-house  near  the  Euston  Square  terminus,  making 
the  length  19  miles.  Several  friends  of  the  inventors  were 
present  at  Camden  Town,  among  others  Mr.  Brunei  and  }ili, 
Stephenson.  Professor  Wheatstone  first  spelt  out  a  message,  and, 
on  Mr.  Cooke  quickly  and  clearly  answering  from  Camden  Town, 
the  practical  realisation  was  accomphshed.  "Never  did  1  feel 
such  a  tumultuous  sensation  before,"  said  the  Professor,  "  as,  when 
all  alone  in  the  still  room,  I  heard  the  needles  click,  and  as  I 
spelled  the  words  I  felt  all  the  magnitude  of  the  invention  now 
proved  to  be  practical  beyond  cavil  or  dispute."* 

I  myself  well  remember  experiencing  feelings  somewhat  akin 
to  those  of  the  Professor  some  eight  and  twenty  years  ago,  when 
on  board  the  "  Agamemnon,"  steaming  slowly  into  Valentia  Bay, 
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finishiDg  the  laying  of  a  telegraph  cable  two  thoueand  miles  long, 
which  extended  to  IVinity  Bay,  Newfoundland,  the  greater  part 
ing  under  water  two  miles  in  depth. 
The  appanituB  used  on  that  ever  memorable  oeeasion  at  EuHton 
and  Camden  Town  was  the  diamond-ehaped  dial  instrument,  with 
verticAl  needles  on  horizontal  aies,  described  in  the  specification 
d  shown  in  the  drawings.  The  instrument  required  five  wires, 
,d  it  may  be  asked  why  should  instruments  like  this  have  been 
employed  when  they  bad  others  needing  but  one  ?  The  reason 
w&s,  that  the  former  called  for  no  skill  in  sending  and  receiving 
the  messages,  each  letter  being  expressed  by  a  simple  signal  of  two 
of  the  needles  converging  to  a  letter.  With  this  the  inventors 
coald  easily  telegraph  to  each  other,  and  railway  employee  could 
take  up  the  work  after  them  without,  any  delay,  but  I  doubt  if 
either  Cooke  or  Wheatatone  could  have  spared  the  time  at  that 
period  to  become  proficient  in  sending  or  receiving  a  telegraphic 
code.  The  wires,  which  were  laid  up  in  a  ro])e  and  placed  in  a 
trough,  did  not  cost  much  in  the  manner  they  were  made,  though 
good  enough  for  the  time  and  the  short  distance ;  moreover,  the 
battery-power  required  was  small,  and  its  action  in  deflectmg 
the  vertical  needles  to  one  or  the  other  side  was  very  simple  and 
certain. 

Thenceforward  the  electric  telegraph  prospered  without  a 
check.  Wires  were  laid  down  on  the  London  and  ElaekwaJI,  and 
on  the  Great  Western  line  between  Paddington  and  Slough,  and 
elsewhere.  At  first  it  was  used  only  for  railway  purposes,  but 
afterwards  despatches  were  transmitted  for  the  public  at  Is.  a 
message  (without  reference  to  length),  which  was  the  first 
popular  use  of  the  telegraph  in  England  or  any  other  country. 
Its  application  soon  became  nearly  as  miscellaneous  as  now, 
■ffecting  the  highest  and  lowest  in  the  land — now  acquainting 
Ihe  Queen  that  Prince  Albert  was  leaving  Paddington  for 
Windsor,  now  effecting  the  capture  of  thieves  going  down  for 
business  on  an  "  Eton  Montem  Day ; "  at  one  time  sending  the 
Queen's  speech  at  Westminster  for  the  benefit  of  the  Royal 
borough,  at  another  ordering  whitebait  from  London,  or  enquiring 
about  luggage  left  behind. 
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All  at  once  the  country  was  awakened  to  the  importance  of 
this  new  means  of  communication  by  the  result  of  the  following 
message  from  Slough  to  Ixindon  :^ 

"A  murder  has  just  been  committed  at  Salthill,  and  the 
suspected  murderer  was  seen  to  take  a  first-class  ticket  for 
London  by  the  train  which  left  at  7.42  p.m.  He  ia  in  the  garb  of 
a  Quaker,  with  a  brown  greatcoat  on  which  reaches  nearly  to  his 
feet.  He  in  in  the  last  compartment  of  the  2ud  first-class 
carriage," 

A  little  difficulty  arose  in  transmitting  this  message,  for  in 
the  signals  of  the  instruments  v  answered  for  u,  and  there  was 
no  q,  so  the  word  "Quaker"  was  spelt  KWAKER,  which  the 
operator  at  Faddington  did  not  at  first  comprehend.  However, 
the  delay  was  not  enough  to  prevent  proper  arrangements  being 
made  for  TaweU'a  reception. 

On  arriving  at  the  Faddington  Station,  after  mixing  with  the 
crowd  for  a  short  time,  he  got  into  an  omnibus,  the  conductor  of 
which  was  a  pohceman  in  plain  clothes.  Tawell,  the  Quaker,  no 
doubt  thought,  as  one  passenger  got  in  and  another  was  put  down, 
that  his  identity  was  getting  better  mixed  each  time.  At  last, 
reaching  the  Bank,  he  got  out,  jiaid  his  fare,  and  after  crossing 
and  recrosaing  London  Bridge,  and  making  many  turns  and 
doubles,  he  went  to  a  lodging-house  in  Scott's  Yard,  Cannon 
Street.  He  had  scarcely  entered  the  hall  when  the  omnibus 
conductor  opened  the  door,  and  asked  him^ 

*'  Haven't  you  just  come  from  Slough  ?  "  "  No,"  said  he.  He 
was  of  course  arrested  at  once,  and  afterwards  tried,  found  guilty, 
and  executed. 

The  efl'ect  of  Tawell's  capture  was  a  greatly  increased  demand 
for  the  telegraph,  and  a  great  extension  of  the  system. 

Cooke,  who,  in  his  deed  of  partnership  with  Wheatatone  in 
1837,  had  reserved  to  himself  the  exclusive  management  of  the 
invention  and  the  sole  control  of  the  engineering  department, 
found  his  labours  prodigiously  increased.  To  use  the  words  of  one 
who  was  with  him  at  the  time  :  "  With  his  own  eye  and  his  own 
hand  he  directed  all  the  operations  in  the  actual  erection  of  the 
fijst  telegraphs ;  he  literally  lived,  for  the  time  being,  upon  the 
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railway,  making  a  railway  carriage  bis  shelter  by  day  and  his 
.uch  at  night."* 

He  still  held  fast,  to  his  original  plan  of  allying  the  telegraph 

ith  the  railway,  which  afforded  a  way-leave,  ]jrotection,aiid  speedy 

«cce86  for  repairs  in  case  of  defect  in  the  wires ;  while  the  safety 

d  efficiency,  as  well  aa  economy  in  the  working  of  the  railway, 

re  supplied  by  the  telegraph  by  signalling   every  train  &om 

fetation  to  station  and  telegraphing  generally  throughout  the  line 

eeming  engines  and  rolling-stock. 

In  a  book  issued  by  him  in  1842,  entitled,  "Telegraphic 
ilways,"  I  was  startled  to  find  the  following: — "To  illustrate 
the  practical  working  of  these  arrangements  under  extraordinary 
circmnsfances,  I  will  now  follow  an  express,  and  therefore 
uiiarpecled,  train  in  its  course  from  Derby  to  Leicester.''  He 
then  proceeds  to  describe  the  process  of  signalling  it  through 
its  course.  I  have  esarained  a  "BradsLaw'a  Railway  Companion" 
of  the  time  and  do  not  find  any  express,  but  only  mail  and 
ordinary  trains.  I  think  that  an  extra  train  was  meant,  for  I 
find  the  expression  used  in  the  examination  of  Mr.  Saunders,  the 
Secretary  of  the  Great  Western  Railway,  on  the  6th  February, 
1(*40,  before  a  Parliamentary  Committeef  (among  the  members 
of  which  were  Sir  Robert  Peel,  Sir  James  Graham,  Lord  Stanley, 
and  Mr.  Labouchere,  afterwards  Lord  Taunton).  Mr,  Saunders 
fluted,  in  reply  to  Lord  Granville  Somerset,  that  the  danger  of 
rollifion  in  sending  out  an  extra  train,  without  a  great  interval 
of  time  being  allowed  between  it  and  the  ordinary  trains,  might 
be  guarded  against  by  the  use  of  the  telegraph.  He  also  said, 
in  reply  to  a  previous  question,  that  "  it  perfectly  performs  all 
ihe  duty  that  was  expected  of  it ; "  and,  in  reply  to  another 
question,  '*that.  it  would  simplify  the  working  and  diminish  the 
stock  of  every  description,  whether  of  engines  or  carriages, 
besides  ensuring  greater  punctuality ;  and,  in  cases  of  accident,  to 
repair  the  injurj-  with  the  least  delay." 

B;   the   latter  part  of    IS45  the   double  and  single   needle 

•  "TeJegraph  MftDipulation."    By  0,  V.  Walker. 

f  f\ftb     Report     of     the     Farliamentarii      CcmmiUte    oli     JtatllMyi,    and 
JltA.  Ma^..  vol.  juuiii.,  1810,  p.  16a. 
vou  XVI,  2 
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iiiBtrumeiits  were  used  everywhere,  and  the  extent  and  ramific 
tiona  of  the  telegraph  had  so  enlarged  that  the  time  was  ripe 
for  connecting  together  the  whole  system,  and  forming  a  com- 
pany for  the  general  transmission  of  messages  and  news  for 
j)Ublic  throughout  England  and  part  of  Scotland, 

In  this  part  of  his  original  schema,  Mr.  Cooke  was  fortui 
enough  to  obtain  the  co-operation  of  Mr.  John  I^wi^  Kic 
M.P.  for  8toke-upon-Trent  and  Chairman  of  the  North  Staffor 
shire  Railway,  through  the  inti-oduction  of  Mr.  Bidder,  who  was 
then  the  engineer  of  the  London  and  Blackwall  Railway  and 
other  lines. 

Mr.  Ricardo  was  a  man  of  extraordinary  sagacity  and  grea? 
energy.  He  became,  and  continued  for  many  years  to  be, 
chairman  of  the  new  corporation,  which  was  styled  the  *'  Elect 
Telegraph  Company,"  An  Act  of  Parliament  for  incorporating 
the  company  was  applied  for  in  the  Session  of  1S46. 

By  this  time,  however,  there  were  other  competitors  in 
field.  Mr.  Edward  Davy  had  taken  out  a  patent  in  July,  1838, 
for  a  telegraph  in  which  three  wires  were  used,  and  metallic 
points  attached  to  magnetic  needles  were  caused  to  press  upon, 
and  ao  to  make  various  groups  of  marks  upon,  cliemically  pre- 
pared calico  at  the  receiving  end,  the  solution  employed  being 
hydriodate  of  potash  and  chloride  of  lime.  The  patent  was 
bought  by  the  Electric  Telegraph  Company,  but  never  came  into 
use. 

Other  patents  were  also  taken  out  in  1841,1843,  and  1845. 
for  a  type-printing,  an  indicating,  Find  an  electro-chemical  copying 
telegraph,  by  Mr.  Alexander  Bain,  of  Edinburgh,  a  most  fertile 
and  ingenious  inventor,  who  had  previously  devised  an  electric 
clock. 

Another  type-printing  machine  waa  also  patented  at  the  end 
of  1845,  aa  a  commuuicntioa  from  Mr.  Royal  E.  House,  of  the 
United  States,  by  Mr.  Jacob  Brett,  of  which  his  brother  wrote, 
in  1858,  that  this  instrument  "  incurred  a  sacrifice  on  my  part  of 
many  thousand  pounds,  without  any  valuable  result  for  general 
purposes."* 

■  >'  Origin  and  Progresa  or  Oceanic  Telegraphs."      By  J.  W.  Brett. 
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The  Electric  Telegraph  Company  found,  on  going  to  Parlia- 
ment, that  they  were  opposed  by  Mr.  Bain,  who  declared,  in  hia 
petition,  that  he  had  invented  all  eleutric  printing  telegraph,  and 
had  previously  communicated  his  invention  to  Professor  MTieat> 
stone.     When  it  came  to  the  Lords'   Committee,  the  Duke'of ■ 
B«iufort,  its  chairman,  told  the  ooroi>any's  counsel  that  they  had  ' 
better  arrange  nith  Mr.  Bain,  hinting  rather  plainly  that  th^ir  ^ 
Bill  might  otherwise  be  thrown  out.     A  compromise  wag  accord-"' 
;l7   arranged ;    the   company   got  their   Bill    and    Bain    got 
2,000.     Hia  patents  were  transferred  to  the  company,  and  he  i 
entered  into  an  obligation  to  give  the  company  the  use  of  any 
farther  inventions.     He  was  subsequently  elected  a  director  of 
the  company.  -  ;.   -   .l-i 

Bain's  prolific  genius  was  soon  at  work  again,  and  in  December, 
184G,  he  patented  liis  electro-chemical  telegraph,  which  consisted 
of  a  train  of  clockwork  at  each  end  of  the  line ;  at  the  sending 
station  a  paper  ribbon,  about  balf-an-inch  wide,  perforated  with 
lioJe;3  representing  the  different  letters  of  the  alphabet,  as  required 
for  the  mesHsge  to  be  sent,  was  drawn  over  a  conducting  cylinder 
in  .connection  with  the  earth  and  under  a  metallic  spring  or 
style  connected  to  a  battery,  the  other  pole  of  which'  was  cbn- 
nfect<d  to  the  line  wire.  '• 

At  the  receiving  station  a  paper  ribbon,  moistened  vrith  att 
icidolated  aolution  of  ferro-prussiate  of  potash,  was  in  like  manner 
drawn  by  the  clockwork  over  a  metallic  cylinder  connected  to  the 
earth  and  under  a  metallic  style  connected  to  the  line  wire. 

The  clockwork  being  set  in  motion,  which  was  done  by  a  car^ 
rent  causing  an  electro-magnet  to  act  upon  a  detent,  the  current 
[ttssed  through  the  circuit,  making  a  blue  mark  at  the  receiving 
end  wheaievcr  the  sending  style  passed  over  a  perforation  and  ' 
riune  is  contact  with  the  cylinder,  and  lea\'ing  a  corresponding 
Wank  when  the  sending  style  passed  over  the  non-conducting 
jKper  between  the  perforations.  The  instmments  worked  with 
wonderful  rapidity ;  the  blue  marks  appearing  to  stream  out  from 
th«  recoKling  style  as  if  by  magic,  so  that  a  number  of  operhtors 
were  employed  to  each  instrument  to  make  the  perforations  in  the 
seodiDg  paper,  which  was  done  by  mechanism  causing  it  to  pO£B 


M 


ADDBBBB  OF  THE  FfiESlDBNT, 


[Jan.  1811 


between  rollers  and  under  a  punch — one  bole  formed  a  "  dot,''  anc 
three  a  "  dash,"  of  the  Morse  alphabet, 

An  erperiment  was  tried  in  Paris  with  this  electro-chemical 
telegraph  before  M.  Leverrier  and  Dr.  Lardner,  in  which  a  message 
of  282  words  was  transmitted  through  a  continuous  wire  1,082 
miles  io  length,  consisting  of  two  telegraph  wires  joined  together 
at  Lille,  making  336  miles,  and  746  milea  of  insulated  silk-covered 
wires  in  coils.  ^ 

*'  A  peD,"  Bays  Dr.  Lardner,  "  attached  to  the  other  end, 
immediately  began  to  write  the  message  on  paper  moved  under 
it  by  a  simple  mechanism,  and  the  entire  message  was  written 
in  full  in  the  presence  of  the  Committee  (each  word  being 
spelled  completely  and  without  abridgment)  in  fifty-two  seconds, 
being  at  the  average  rate  of  five  words  and  four-tenths  per 
second.  By  this  instrument,  therefore,  it  ia  practicable  to 
transmit  intelligence  to  a  distance  of  upwards  of  1,000  miles, 
at  the  rate  of  19,500  words  per  hour."* 

I  myself  often  saw,  in  the  year  1847,  Bain's  telegraph  working 
at  an  astonishing  speed  between  Manchester  and  London,  and  have 
never  been  able  to  understand  the  cause  of  its  being  abandoned. 

The  only  inconvenience  was  the  occasional  breakage  of  the 
damp  paper  when  handled  by  the  operator ;  but  this  was  obviated 
later  on  by  Bain  having  a  disc  of  prepared  paper,  like  a  large 
filter  paper,  placed  on  a  metallic  plate  of  the  same  si^e,  which 
revolved  round  its  centre,  the  style  having  a  slow  motion  from 
the  centre  to  the  edge  of  the  disc,  so  that  it  described  a  spiral  com- 
mencing at  the  centre  and  terminating  at  the  edge.f  In  this  way 
there  was  nooccasion  forthewriterofthemessage  to  touch  the  paper. 

It  will  be  at  once  seen  that  Bain's  telegraph  was  the  father  of 
the  beautiful  and  rapid  automatic  instrument  of  Sir  C.  Wheatstone 
and  Mr.  Stroh  now  used  at  the  Post  Office,  the  latest  speed  of 
working  which,  as  I  am  informed  by  Mr.  Preece,  ia  435  words  per 
minate,  or  113  words  faster  than  Leverrier  and  Lardner's  eiperi- 
ment  with  Bain's  telegraph. 

This  speed  of  more  than  70  distinct  currents  passing  through 

*  "  Mnseum  of  Science  and  Art,"  vol,  Lii,  p,  117. 
t  Sirlh  Britiih  Sevtev,  xEv.,  p.  560. 
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the  line  wire  and  the  instrument  in  a  single  second  of  time  calls 
mind  Juliet's 

"  Lightning,  which  dath  ccaae  to  be 
Ere  one  can  say  it  lightens." 

Nevertheless,  having  regard  to  the  amazing  number  of  currents 
generated  in  a  second  by  the  aimature  of  a  dynamo-electric 
machine  running  at  a  high  speed,  I  conld  not  say  that  the  limit 
has  been  by  any  means  reached  with  the  automatic  telegraph. 

Let  us  now  return  to  the  Electric  Telegrniih  Company  after 
they  had  come  to  terms  with  Bain  and  obtained  their  Act  of 
^Incorporation.     Foreseeing  the  possible  and,  indeed,  the  probable 

ntingency  of  other  telegraphs  being  brought  forward,  they  set 

to  work,  under  Ricardo'a  guidance,  to  convert  Cooke's  con'mcta 

with  the  railway  companies  from  way-leaves  into  excluaive  ngreei- 

me&ts  for  a  long  term,  so  as  to  keep  any  other  telegraph  from 

iog  over  the  line.      This  sagacious  policy  was  successfully 

.rried  out,  especially  in  the  case  of  the  leading  railways  and  those 

impristng  the  great  trunk  lines  from  London  to  the  north  and  west. 
By  their  Act  they  had  the  power  to  lay  pipes  and  wires  under 

e  streets  of  towns,  and  by  the  Ist  January,  1S4S,  the  company 
opened  offices  for  receiving  and  tranEmitting  public  messages  in 
London,  Birmingham,  Manchester,  Liverpool,  and  other  important 
places,  which  could  also  communicate  with  the  many  smaller 
places  and  railway  stations  previously  connected  up.  The  only 
large  towns  not  in  communication  with  the  central  station  in 
Lothbury  were  then  Bath,  Exeter,  Plymouth,  Brighton,  Chatham, 
Oxford,  and  Preston.* 

The  charges  were,  however,  much  too  high.  A  message  from 
London  to 

Birmingham  or  Stafford 

I  Liverpool,  Leeds,  or  Manchester 
York      
Edinburgh 
Glasgow            ...         
Derby,  Norwich,  Nottingham,  or 
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Even  a  lawyer,  under  the  ijifluence  of  Boch  a  tariff,  became 
suddenly  endowed  with  a  power  of  writing  on  any  subject  in  a 
most  laconic  style,  which  in  his  office  he  would  have  conscien- 
tiouely  declared  to  be  positively  impossible. 

The  progress  of  the  Eiet-tric  Telegraph  Company  was  gradual, 
but  never  flagged.  In  1850,  it  had  1,7?6  miles  of  line  and  7,206 
miles  of  wire;  in  1860,  6,541  miles  of  line  and  32,787  miles  of 
wire,  with  3,352  instruments;  and  in  round  figures, when  Govem- 
ment  contracted  to  purchase  the  telegraphs  in  1868, 

1,300  telegraph  Citations  in  Great  Britain  and  Ireland, 
10,000  miles  of  line. 
50,000      „      „  telegraphic  wire. 
8,000  sets  of  instruments, 
3,000  skilled  persons  in  its  employ. 

3  Continental  cables  under  its  control.' 

The  year  1850  was  notable  in  the  history  of  the  company, 
because,  owing  to  its  high  tariffs,  a  clamour  arose  for  com)ietiti<Hi, 
and  in  that  year  Acts  of  Parliament  were  granted  to  the  Magnetic 
Telegraph  Company  and  to  the  British  Electric  Telegraph  Com- 
pany, which  afterwards  amalgamated  under  the  name  of  the 
*'  British  and  Irish  Magnetic  Telegraph  Comjany,"  generally 
known  as  the  "  Magnetic  Company,"  I  was  engineer  to  the  latter 
company;  Mr.  Edwin  Clark  at  the  time,  and  afterwards  Mr. 
Latimer  Clark,  and  following  him  Mr.  Culley,  tilling  tbe  office 
of  engineer  to  the  Electric  Comimny,  My  brother,  Mr,  Edward 
Bright,  was  manager,  and  in  later  years  also  engineer,  of  the 
Magnetic  Company  from  its  commencement  to  the  Government 
purchase  in  1870.  Such  of  the  railways  in  Great  Britain  as 
had  not  been  exclusively  secured  by  the  Electric  Company  were 
eagerly  arranged  for  by  tbe  new  company,  and  nearly  all  in 
Ireland,  which  bad  not  been  then  thought  worth  attention  by  the 
Electric  Company,  In  this  way,  competing  lines  were  established 
on  the  I^ancaahire  and  Yorkshire,  East  Lancashire,  Leeds  Northern, 
Newcastle  and  Carlisle,  Glasgow  and  South  Western,  and  through- 
oat  Ireland.     To  connect  up  with  London,  the  Magnetic  Company 


■  OoTemmeiii  and  ths  Telegr&pbs."    EffingbBin  Wilson.    IWS. 
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laid  a  line  of  ten  wires  in  troughs  along  the  high  road  by  Bir- 
mingham to  Mancheater,  continuing  sis  wires  to  Preston,  Carlisle, 
Ihunfties,  and  Glasgow,  with  a  fork  from  Dumfries  to  Portpatrick, 
for  reasoDB  which  I  shall  soon  give.  On  the  other  side  of  the  Irish 
Channel  another  underground  line  was  carried  from  Donaghadee  to 
elfast  and  Dublin,nnd  an  isolated  branch  from  Cork  toQneenstown, 

Thes.e  underground  wires  were  of  No.  16  gauge  copper, 
ated  by  a  continuous  coating  of  gutta  percha. 

This  remarkable  substance,  which  becomes  soft  and  plastic 
hen  placed  in  hot  water,  and  capable  of  being  moulded, 
hardening  again  on  becoming  cool,  was  tirst  introduced  to  this 
coontry  by  Dr.  Montgomerie,  of  the  ludiau  Medical  Service, 
who,  obsen"ing  that  the  Malays  used  it  for  making  basins,  jugs, 
shoes,  and  knife  handles,  inferred,  from  the  crude  native  mana- 
factore,  that  extensive  uses  would  be  found  for  it  in  Europe. 
He  therefore  purchased  a  quantity,  and  sent  it,  in  1843,  to  the 
Society  of  Arts  in  London. 

Its  value  was  speedily  recognised ;  many  patents  were  taken 
t  for  its  manufacture,  and  its  applications  soon  became  too 
namerous  to  catalogue.  What  concerns  us  is  its  qualities  of 
being  a  good  insulator  of  electricity,  insoluble  under  water, 
«!a|iable  of  being  laid  over  a  wire  by  being  passed  through  a  die 
when  hoi,  yet  being  pliable  and  to  a  certain  extent  hard  when 
cold. 

Dr.  Werner  Siemens  was  probably  the  first  (viz.,  in  1847)  to 
use  it  for  covering  wires  laid  underground,  but  a  further  use  of 
World-wide  importance  was  soon  to  be  found  for  it. 

Outta-percha  covered  wires  came  into  use  in  the  tunnel  wires 
«a  railways  in  1847,  and  soon  after  for  the  wires  laid  in  iron  pipes 
Dnder  the  streets  of  town^. 

In  January,  1849,  Mr.  G.  V.  Walker  laid  a  length  of  two 
■miles  of  No.  16  gauge  copper  wire,  coated  with  gutta  percha,  in 
the  English  Channel,  from  the  sands  near  the  Pavilion  Hotel  at 
Folkestone,  where  the  end  was  connected  to  the  83  miles  of 
telegraph  erected  along  the  South  Eastern  liailway  to  London. 
The  experiment  was  quite  successful,  messages  being  interchanged 
between   the   chairman   of  the  company   in    London    and  Mr. 
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Walker,  on  board  the  steamer  "  Princess  Clementine,"  at  sea,  -with 
the  end  of  the  gutta-percha  covered  wire  on  board." 

A  plan  had  been  previously  matured  by  Professor  Wheatatone, 
as  long  before  as  1840,  for  laying  a  submarine  wire,  covered  with 
rope,  between  Dover  and  Calais,  of  which  full  particulars  were 
given  by  Mr.  Sabine  in  our  proceedings ;  but  nothiug  came  of  it, 
and  it  was  not  until  1850  that  the  first  telegraph  message  was 
sent  across  the  Channel.t 

The  late  Mr.  John  Watkins  Brett,  to  whom  I  have  referred 
before  in  connection  with  House's  Type-printing  Telegraph,  has 
justly  been  generally  credited  with  the  merit  of  having  first  taken 
this  enterprise  seriously  in  hand. 

So  early  as  1845.  lie  was  imbued  with  (he  conviction  of  a 
submarine  telegraph  being  a  possibility,  and  with  his  brother, 
Mr.  Jacob  Brett,  registered,  on  the  16th  June  in  that  year,  a 
company  for  uniting  Europe  and  America  by  submarine  communi- 
cation. He  did  not  know  of  Professor  Wheatstone's  Channel 
project,  concerning  which  he  afterwards  said:  "Had  these  facta 
then  been  known  to  me,  I  cannot  say  how  for  they  might  have 
damped  my  determination  to  devote  my  whole  time  and  means  to 
establish  and  promote  the  submarine  telegraph,  and,  if  possible, 
to  bring  this  country  into  instantaneous  communication  with 
India  and  America,  then  the  sole  object  of  my  thought3."t 

An  "  Oceanic  Uue  "  was  also  included  in  his  brother's  patent  for 
the  printing  instrument,§  in  which  the  wires  were  to  be  "coated 
with  various  colours  to  distinguish  them." 

After  obtaining  permission  from  King  Louis  Philippe,]]  in  1847, 
to  unite  England  with  France  by  a  submarine  cable — followed  by  a 
concession  from  Louis  Napoleon,  when  President  of  the  French 
Republic  in  1 849— a  single  coppei  wire,  covered  with  gtitta  percha 
to  the  diameter  of  half-an-inch,  was  laid  on  the  28th  August, 
1850,  from  Dover  to  Cape  Grisnez,  the  greatest  depth  passed  over 


•  ■'  Electric  Telegraph  SUcipQlation,  p.  103."    Walker. 

f  Journal  nS  the  Socitiy  qfTtle^aiph  Enyinejri,  vol.  v.,  p.  30. 

J  Pttacdingi  Ra^/al  rBlfihitioii,  Match  20, 1857. 

S  No.  11,010  of  1S1G. 

Q  "  Origin  and  Progress  ol  the  Electric  Telegraph,  p.  S3."    J.  W.  Brett, 
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being  thirty  fathoms.  At  every  sixteenth  part  of  a  mile  a  leaden 
clamp  or  weight  was  securely  fastened  on  to  secure  it  in  position. 
Messages  were    interchanged   between   the   steamer   "Goliath" 

■d  the  English  shore  while  the  wire  (which  was  coiled  on  a  large 
)  was   being  laid,  and  afterwards  between  the  two  shores. 

est  moniiug,  however,  the  circuit  was  broken,  and  it  was  found 
that  the  action  of  the  waves  had  rubbed  the  wire  npon  the  rocks, 
and  destroyed  the  coating  of  gutta  percha. 

The  French  concession  stipulated  that  "  unless  the  esjieriment 

all  result  in  a  favourable  execution  by  the  1st  September,  1850, 
the    right  conceded  shall    revert  to  the  French   Government." 

Eis  object  was  attained,  but  nothing  more. 
A  copy  of  the  messages  transmitted  was  attested  by  some  ten 
rsoos,  including  an  engineer  of  the  French  Grovemment,  who 
a  present  to  watch  the  proceedings ;  this  was  forwarded  to  Paris, 
and  a  prolongation  of  the  privilege  was  granted. 

A  more  substantial   cable  was  manufactured   nest  year;  the 

■adncting  wires  consisted  of  four  No.   16  gauge  copper  wires, 

snirouuding  a  heart  of  tarred  hemp,  and  covered  with  a  bedding 

^Hf  the  same  material       The  conductors  were  double-covered  with 

^^^utta  percha  to  the  diameter  of  a  quarter  of  an  inch,  the  core 

being  made  at  the  Gutta  Percha  Company's  Works,  then  under 

HpUie  management  of  Mr.  .Samael  Statham,  a  gentleman  of  great 

energy  and  business  capacity. 

The  outer  covering  was  made  of  galvanised  iron  wires,  laid  on 
Ihe  core  like  an  iron-wire  pit  rope.  I  am  unable  to  say  by  whom 
this  mode  of  sheathing  waa  originally  suggested,  but  Mr.  Cramp- 
ton,  the  engineer  of  the  company  (with  whom  was  associated  Mr. 
tollaston),  gave  the  order"  for  its  application  to  Messrs.  WilkiuB 
Weatherly,  of  High  Street,  Wapping, 
They  were,  however,  stopped  by  an  injunction  of  the  Court  of 
aneery,  for  infringing  the  patents  of  Mr.  R.  S.  Newall,  of  1840 
and  1843,1  and  the  manufacture  was  carried  on  by  his  firm.  The 
cable,  24  miles  in  length  and  180  tons  in  weight,  was  delivered 
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See  letter  in  The  Tinwt,  Nor,  la,  1853,  from  Messrs.  R.  8.  NewaU  *  Co. 
Of  Q»t«she«d.on.Tviie, 

t  NM.e,5etotl840,nDd9,GeBof  1&43, 
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on  board  the  "Blazer,"  a  hulk  provided  by  our  Uovernnient. 
Some  delay  arose  from  the  litigation,  and  the  manufacture  was 
not  finished  until  the  17th  September.  Mr.  Crampton,  who  had 
contributed  a  considerable  part  of  the  capital  for  the  undertaking, 
BOW  took  the  laying  in  hand.  During  two  stoppages,  one  from 
cessation  of  signals  from  the  shore,  the  other  from  the  parting  of 
a  tow-rope,  a  good  deal  of  cable  was  wasted,  and  the  length  of 
cable  finally  proved  too  short  by  a  mile.  This,  however,  was 
made  soon  after,  and  spHced  on  to  the  laid  part  of  the  cable. 

This  cable  is  (•till  in  working  order,  although  many  new 
lengthfl  have  been  inserted  from  time  to  time  to  make  good 
defects  caused  by  damage  from  ships'  anchors  and  deterioration. 
Ita  type,  so  far  as  the  sheathing  is  concerned,  continues  to  be  the 
model  for  all  submarine  cables  laid  in  comparatively  shallow 
water.  A  piece  of  the  cable,  as  actually  laid,  was  exhibited  by 
Mr.  Brett  at  the  Eshibition  of  1851,  in  Class  X.;  also  a  verte- 
brated  iron  tubular  cable,  and  another  constructed  with  the 
addition  of  a  chain  of  links  for  the  pui-pose  of  giving  greater 
strength  in  dangerous  situations.  Drawings  of  these  are  given 
in  the  Reiwrt.,  and  a  Council  Medal  was  awarded  for  them. 
The  Submarine  Telegraph  Company  (formed  by  Mr.  Brett,  Sir 
James  Carmichael,  Lord  de  Mauley,  and  others^  soon  contracted 
with  Messrs.  Newall  to  lay  a  cable  to  Ostend.  Tliis  company 
was  the  first  to  value  in  this  country,aud  to  adopt,  the  marvellous 
printing  instrument  of  Professor  Hughes  (our  late  President),  so 
well  known  by  his  other  inventions  —  as,  for  example,  the 
microphone.  His  printing  telegraph  has  been  greatly  employed 
hy  many  foreign  Governments,  and  afterwards  again  by  our 
United  IClngdom  Telegraph  Comjwiny  here;  and,  as  we  all 
know,  he  was  the  lioyal  Medallitit  of  the  Royal  Society  last 
year.  The  inslniment  of  which  I  speak  is  nneqimlled  as  a 
wonderful  example  of  the  greatest  mechanical  ekill  in  its 
synchronisni  and  all  its  working  parts,  and  also  of  in- 
genious electrical  application  thereto.  Other  cables  were 
then  laid  by  the  Magnetic  Company  to  Ireland  —  between 
Portpatrick  and  Donaghadee — and  the  Electric  Company  to 
Holland,  with    others,    into    the   details    of    which  time   does 
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not  alluw  me  to  enter."  Theee  cables  were,  with  differences 
Id  tlie  number  of  wires  and  dimensions,  all,  with  one 
exception — that  between  Viirna  and  Balaclava — made  in  tlie  same 
^jle  as  regards  the  outer  eheatliing,  namely,  with  outer  iron 
Vires,  the  wire  not  being  twisted,  but  laid  on  spirally,  with  what 
t«rm6d  a  Eon  and  planet  motion,  in  wMt^h  each  bobbin  of  wire 
ea  one  tvum  in  the  opposite  direction  for  every  revolution  of 
the  machine.  At  the  end  of  the  year  185^,  tlie  North  American 
lines  were  luid  as  far  as  Newfoundland,  and  in  Europe  the 
Magnetic  Company's  lines  were  completed  as  far  as  the  west 
coast  of  Ireland. 

The  practicability  of  uniting  the  great  telegraphic  systema,  by 
esD£  of  a  submarine  cabk*  between  the  shores  of  the  Old  and 
ew  Worlds,  had  for  a  long  time  engaged  the  thoughts  of  Eome 
of  the  most  enterprising  men  of  science  and  of  eiperience  in 
telegraphs.  It  was  yet  to  be  seen  whether  a  cable  could  be  laid 
such  great  deplhs  of  water,  antl  continuously  for  so  great  a 
ance,  without  loisliap.  But  there  was  also  another  problem 
UBsettled:  Could  so  long  a  circuit  be  worked  electrically  i'  When 
wires  are  fixed  to  insulators  ujwn  jjoles  in  the  usual  familiar 
manner,  there  is  no  difficulty  in  telegraphing  through  the  longest 
oircnits  which  can  conveniently  he  used ;  but  when  the  wires  are 
ooated  with  gutta  percha,  inductive  action  comes  into  play,  and  a 
considerable  retardation  of  the  signals  takes  place,  arising  from 
e  wires  acting  in  the  same  manner  as  a  Leyden  jar-t 

Having  a  great  length  of  underground  gutta-percha  covered 

ire  under  my  control  as  engineer  of  the  Magnetic  Company,  I 

cajried  out  a  long  series  of  esj^Hsriments  by  having  the  wires  eoit- 

ted  up  backwards  and  forwards  between  London  and  Man- 
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Furticulan,  with  dmwinga  and  ntctiuns  of  the  earlier  cables,  are  given 
ia"Tbe  Electriu  Telegraph,"  by  Dr.  Laniner.  New  cditiun,  revised  aud 
rewritlen  ty  Edward  B.  Bright,  P.B.A.B,    James  'Walton,  187,  Gower  Street, 
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.t  Thera  am  several  papers  on  this  sabject  in  tbe  Eeporit  of  tbe  Britiali 
ciatioii  in  186* ;  "  Experimental  Observations  on  an  Electric  Cable,"  by 
Wildmim  Wliilebouie;  "On  Magneto-Electritity  and  Underground  Wiree," 
bj  Edward  B.  Bright;  "  On  Improvements  in  Submarine  and  Sobterraneons 
Telegraph  Cotnmanication,"  by  0.  P.  Varley. 
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cheater,  so  as  to  form  a  continuous  circuit  of  a  length  equal  to 
that  of  a  telegrapli  cable  between  Ireland  and  Newfoundland,  or 
more  than  2,000  miles.  My  method  was  to  use  a  Buccession  of 
opposite  currents,  which  I  had  prerionsly  found  to  be  successful 
with  the  magneto-electric  instruments  used  by  that  company.  I 
could  only  try  my  experiments  at  night,  or  on  Sundays,  when  the 
traffic  on  the  line  was  small. 

Mr.  Whitehouae,  a  gentleman  of  very  high  intellectual  power, 
and  a  most  ingenious  and  painstaking  experimenter,  had  been 
working  in  the  same  direction  for  some  time  upon  the  wires  of 
some  Mediterranean  cables  connected  backwards  and  forwards,  bo 
as  to  get  a  length  of  about  900  miles.*  The  use  of  these  wires 
had  been  allowed  him  by  Mr.  Brett,  who  was  founder  of  the 
Mediterraneau  Electric  Telegraph  Company,  and  on  my  talking 
of  my  experiments  with  the  latter  one  day  at  (ireenwich,  in  1855, 
he  brought  Mr.  Wiitehouse  and  myself  together,  the  result  being 
that  we  continued  our  researches  thereafter  conjointly  until  the 
beginning  of  the  Atlantic  line,  when  we  had  to  divide  our  labours ; 
he  becoming  the  electrician,  and  I  the  engineer  of  the  company. 

In  July,  185G.  Mr.  Cyrus  Field,  the  deputy-chairman  of  the 
New  York  and  Newfoundland  Telegraph  Company,  left  America 
for  London  empowered  by  his  associates  to  deal  with  tho 
exclusive  concession  possessed  by  that  company  for  the  coast 
of  Newfoundland,  and  other  rights  in  Nova  Scotia.  He  had, 
for  some  time,  been  concerned  with  Mr,  Brett  in  the  project. 
He  had  been  hers  before  about  telegraph  business,  and  I 
had  discussed  the  Atlantic  line  with  him  in  the  previous  year. 
On  the  29th  of  September,  1856,  an  agreement  was  entered 
into  between  Mr.  Brett,  Mr.  Cyrus  Field,  Mr,  Whitehouse, 
and  myself,  by  which  we  mutually  engaged  to  exert  onrselves 
"  vnth  the  vieui  and  for  thepurpoae  of  forming  a  company  for 
eatablieking  arid  workhig  electric  telegraphic  communicalion 
between  Newfoundland  and  Ireland,  such  company  to  be  called 
the '  Atlantic  Telegraph  Company,'  or  by  suck  other  nceme  as 
thxparties  hereto  shall  jointly  agree  upon." 

•  Bee  niiutrofrf  ioiuion  News,  October  6,  1865,  for  drawing  and  deBcription 
uf  Ur.  WliitehoiiBe'a  apparatiu.    AiBO  Enji-nstr,  Jaouar;  30, 18S7. 
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Mr.  Field  was — I  am  happy  to  say  is— a  man  of  extraordinary 
energy  and  poner;  rapid  iti  thinking  aud  acting,  and  endowed 
with  courage  and  perseverance  nnder  difficulties — qualities  which 
are  rarely  met  with. 

Professor  Morse,  the  electrician  of  the  Newfoundland  Company, 

had  also  arrived  in  London,  and  Mr.  Wliitehouse  and  I  showed  him 

one  night — the  9th  October,  1856— at  the  office  of  the  Magnetic 

Company  in  Old  Broad  Street,  that  signals  could  be  sent  at  the 

e  of  210, 241,  and,  in  one  experiment,  at  the  rate  of  270  signals 

T  minute,  through  the  continuous  circuit  of  2,000  miles  of  the 

company's  underground  wires  between  London  and  Manchester. 

The  wires  were  joined  backwards  and  forwards  at  Manchester 

id  London ;    in  each  loop  at  both  ends  a  galvanometer  being 

^serted  in  the  circuit  to  prove  that  the  currents  really  paaaed 

igh.     By  this  the  resistance,  though  not  the  retardation  of 

line,  was  largely  increased. 

On  the  2Uth  October,  1856,  the  Atlantic  Telegraph  Company 
registered,  Mr.  Brett  heading  the  subscription  list  with 
,000,  Mr.  Field  following  him  for  the  same  amount ;  we  then 
Id  meetings  in  Liverpool,  Manchester,  and  Glasgow,  which 
re  addressed  by  all  of  us  the  Founders,  and  nearly  the 
whole  of  the  capital,  consisting  of  3J0  shares  of  £1,000  each, 
was  subscribed  for  in  a  few  days,  principally  by  shareholders  in 
the  Magnetic  Company, 

I  have  no  time  to  give  a  detailed  account  of  the  Atlantic 
Telegraph ;  it  would  alone  occupy  an  entire  evening,  and  there 
are  several  books  in  which  it  is  described.* 

I  cannot,  however,  leave  this  hiatus  without  telling  you  what 
^^nleasurable  recollections  I  have  of  t.hose  who  assisted  me  so  ably 
^Hp  my  duties  (as  engineer-in-chief)  in  the  last  voyage.  Mr.  (now 
^^Kr  Samuel)  Canning,  who  had  laid  several  cables ;  Mr.  Henry 
^^Woodhouse,  also  an  old  cable  layer;  Mr.  Everett,  of  the  U.S.N.; 
id  Mr.  Clifford,  now  engineer  to  the  Telegraph  Construction 
■mpany.      Irrespective  of    our  business  relations,  we  were  all 

•  «,7^-"Th6  AtlauUc  Teleeraph,"  by  W.  H,  KuBsall,  LL.D,     Uluatraled  by 
Dudley.     Day  &  Sons.    "The  Eleotiic  Telegraph,"  hy  E.  B,  Bright. 
BM  Walton,  Oower  Street,     1867. 
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coll«agQes  and  irieada  together,  and  I  never  bad  a  happier  time 
on  board  ship.  ) 

Mr.  Whitehouse  was  equally  fortonate  in  regard  to  Mr.  J.  C- 
Laws,  Mr.  Saunders,  Mr.  de  Sauty,  Mr.  Ccdlett,  and  other  ■ 
m^nbers  of  hU  staff,  whose  names  I  cannot  now  call  to  mind. 

I  finally  landed  the  first  Atlantic-  cable  at  Valentia  on  the 
5th  August,  1858  ;  and  it  is  worthy  of  remark  that  just  111  year§ 
previously,  on  the  5th  August,  1747,  Dr.  Watson  astonished  the ' 
scientific  world  by  practically  proving  that  the  electric  curreut 
oould  be  transmitted  through  a  wire  hardly  two  miles  and  a 
half  long — nevertheless  he  showed  at  tJie  same  time  that  the 
earth  could  be  used  for  the  return  circuit. 

The  first  messages  which  passed  through  the  cable  were  one 
from  the  Queen  to  the  President  of  the  United  States,  and  his 
reply.  Many  others  followed  of  some  importance ;  but  this  cable 
broke  down  on  the  3rd  September.  Various  causes  have  been 
sugge-sted  for  this;  too  high  electric  [wwer  being  used,  au 
unusually  violent  lightning  st^rm  at  Newfoundland,  and  a  sup- 
posed factory  feult  masked  by  the  tar  in  the  hemp,  &c.  I 
cannot  give  any  opinion  (as  the  cable  was  reported  by  the 
electricians  in  excellent  condition  after  being  completed  by 
me,  when  it  passed  out  of  my  charge),  except  that  I  agreed 
with  Mr.  Brett  that  the  manufacture  had  been  pressed  forward 
with  too  much  haste  ;*  which  view  was  shared  in  by  Mr.  Canningf 
and  Mr.  WoodhouscJ  Mr.  Whitehouse  had  wished  to  test  every 
separate  coating  of  gutta  percha  during  manufacture,  but  there 
was  not  sufiicient  time  allowed  for  that  to  be  done.  ^ 

The  next  great  submarine  telegraph  cable  was  laid  from  Suez, 
in  several  sections  between  Suez  and  Kurrachee,  at  the  end  of 
1859  and  in  1860.  3,499  miles  were  made  and  laid  by  Messrs. 
Newall  &  Co.  for  the  Red  Sea  and  India  Telegraph  Company, 
under  a  guarantee  from  Government.  It  was  a  most  disappointing 
failure,  the  sections  breaking  down  one  after  the  other;  indeed, 
they  do  not  appear  to  have  been  all  at  work  at  any  time  fiw  tht> 

■  "  Evideoce  before  Submarine  Tilegrjph  CLUimiHee,"  y.  1,-H3. 
t  ..  »  ..  Q.  1,408. 
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30  days  of  continuoug  through  working  stipulated  in  the 
contract." 

In  May,  1859,  the  Government,  through  Sir  StaEford  North- 
cote,  then  President  of  the  Board  of  Trade,  asked  the  advice  of 
Mr.  Robert  Stephenson  and  myself  respecting  the  form  of  cable 
to  be  tised  for  a  submarine  line  which  it  was  proposed  to  lay  from 
FVImoath  to  Gibraltar,  1,100  nautical  miles  in  length,  and  from 
100  to  2.i500  fathoms  in  depth.  In  my  report  I  recommended 
»  mnch  larger  copper  conductor  than  ever  used  before,  to  weigh 
3}  cwi,  per  nautical  mile,  or  392  lbs.,  and  the  same  weight  of 
gntta  percha  as  the  insulator. 

This  was  precisely  the  same  core  which  I  had  recommended 
the  Atlantic  Company  to  adopt  in  1856,  but  it  had  all  been 
settled  by  contract  before  I  became  their  engineer.  The  relative 
Bgures  iu  the  Atlantic  Cable  were  107  lbs.  of  copper  and  261  lbs. 
<7f  gutta  jiercha ;  those  of  the  Bed  Sea  ISO  lbs.  of  copper  and 
112  of  gutta  percha  per  knot.f 

For  the  outer  covering  of  the  proposed  Gibraltar  cable 
I  advised  diEFerent  forma  for  the  various  depths — of  great 
strength  and  low  speciiic  gravity  for  the  deepest  water,  and  of 
greater  specific  gravity  for  the  smaller  depths.  This  part  of 
the  report  is  not,  however,  of  any  importance,  as  the  Govern- 
ment changed  their  plans,  and  in  March,  1860,  decided  on 
laying  a  cable  between  Rangoon  and  Singapore;  and  the  lighter 
cable,  which  was  intended  for  laying  in  the  deep  water  in  the 
Bay  of  Biscay,  and  which  would  have  been  quite  unsuitable 
for  the  Malay  coast,  was  abandoned.  Again,  in  January,  1861, 
in  consequence  of  the  war  with  China  having  come  to  an 
end,  it  was  settled  that  it  should  be  laid  irom  Malta  to  Alexandria, 
and  divided  into  sections  at  Benghazi  and  TripoU.  It  was 
accordingly  laid  in  the  summer  of  1861,  with  great  success,  fay 
Messrs.  Glass  &  Elliot,  to  whom  the  contract  for  laying  was  given 
by  the  Government.     Mr.  H.  C.  Forde  was  the  engineer,  and 


•  The  Bubmarine  Cable  Oummittce's  Itepi^rt  funusliea  all  the  erideDce 
ft^Mmt  tbU  anlacky  cable.  Tight  laying,  averbcating,  ezceraiTe  battery  power, 
and  iliaores  id  the  gutta  {lerclia,  are  all  epokeii  uf. 

}  "  Appoodix  to  Bepurt  of  Submarine  Telegraph  OommUtee,"  p.  «S1. 
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Mr,  (afterwarde  Sir)  C.  W,  Siemens  the  electrician  for  the  Go- 
vernment. Full  details  of  the  construction,  laying,  and  testing 
of  this  cable  were  given  in  two  papers  read  at  the  Institution  of 
Civil  Engineers,'  The  work  throughout  appears  to  have  been 
carried  out  vith  great  care,  and  due  regard  to  the  conditions 
taught  by  experience  to  be  necessary  in  submarine  telegraphy. 

The  Report  and  Evidence  of  the  Submarine  Telegraph 
Committee  was  published  during  the  construction  of  this  cable. 
I  consider  it  to  be  the  most  valuable  collection  of  facts,  warnings, 
and  evidence  which  has  ever  been  compiled  concerning  sub- 
marine cables,  and  that  no  telegraph-engineer  or  electrician 
should  be  without  it  if  beyond  reach  of  access  to  it.  It  is  like 
the  boardf;  on  ice  marked  "Dangerous  "  as  a  caution  to  skaters. 

The  neit  great  submarine  cable  enterprise  was  the  Persian 
Gulf  line,  uniting  the  Turkish  land  telegraphs  at  the  head  of 
the  Gulf  and  the  Persian  land  telegraphs  at  Bushire  witJi 
Kurrachee;  the  failure  of  the  Red  Sea  line,  and  the  loss  of 
£800,000  over  it,  having  led  the  Government  of  India  to  adopt 
the  alternative  telegraphic  route  by  way  of  the  Tigris  Valley, 
A  careful  line  of  soundings  was  completed  by  Lieut.  Stiffe  fof 
what  was  then  called  the  Bombay  JIarineJ  iu  18G2  ;  and,  the 
bottom  being  favourable  for  a  cable,  the  Government  of  India 
resolved  to  lay  one,  of  great  strength  and  durability,  designed  by 
MesBTB.  Bright  and  Clark,  and  appointed  us,  in  the  autnma 
of  1862,  engineers  to  the  work.  The  late  Colonel  Patrick 
Stewart,  R.E.,  was  the  very  able  Government  Director  of  the 
entire  line. 

The  total  length  of  cable  was  1,450  miles,  weighing  no  less 
than  5,028  tons,  being  by  far  the  heaviest  length  previously  dis- 
patched on  one  submarine  expedition.   The  copper  conducting  wire 


•  Froteeditigi  vj  institute  ef  Cin'I  Engiii^eri,  vol.  mu  Tbe  firsl  use  of  re- 
ditODce  coilB  for  tusting  cuUei  was  with  tliia  cable  j  Ibey  had  been  used  before 
fur  UiBting  undergrouBd  wireB.  See  Bpecification  of  Palent,  E,  B.  &  0.  T. 
Brigltt  No.  11,331,  of  I8G2.  Xlm  part  referring  to  tliis  mode  of  testing  tvith 
known  reaiitaucea  ii  publiabed  in  tb«  "Submarine  Telegraph  Committee's 
Evidence,"  p,  58,  with  drawjugt ;  also,  the  "  Mnaenm  of  Science  and  Art,''  IBM, 
and  ■>  The  Electric  Telegraph,"  bjr  Lardner  A  Bright,  p.  7G,  edit.  IBCT. 
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weighed  225  lbs,  to  the  knot,  and  the  conductivity  of  the  copper 
was  raised  to  a  higher  point  than  had  been  attained  before, 
amounting  to  nearly  90  per  cent,  of  pure  copper.  In  many  of  the 
Ider  submarine  cables  laid  before  this  point  had  received  att-entioiij 
the  condactivity  was  aa  low  as  40  per  cent.,  and  even  lower. 

The  copper  wire  was  made  of  a  segmental  form,  amrounded  by 
a  tube,  all  being  drawn  down  from  a  large  built-up  copper  rod  of 
the  same  conBtraction;  so  that,  while  the  wire  was  smooth  and 
no  interstice  could  be  seen,  it  was  the  same  mechanically  as  a 
i^trand,  but  superior  electrically.  The  weight  of  gatta  percha 
275  lbs.  per  knot.  The  Government  of  India  contracted  with 
the  Gatta  Percha  Company  for  the  core. 

The  laying  on  of  the  outer  sheathing  was  put  up  by  tender  upon 
specification,  and  the  contract  was  obtained  by  Mr.  Henley, 
ofXortb  Woolwich.  In  putting  on  the  outer  sheathing,  a  wet 
serving  of  hemp  was  first  apphed  with  the  view  of  discovering  any , 
defect  in  the  insulator  at  once ;  the  outer  covering  of  12  No.  6 
.W,U.  galvanised  iron  wires  was  then  applied,  and  over  it 
protective  coating,  respecting  which  I  must  say  a  few  words,  as 
it  was  afterwards  apphed  to  so  many  and  such  great  lengths  of 
legraph  cable.  A  patent  was  taken  out  in  1858  (No,  1,965)  by 
essra.  Clark,  Braithwaite,  and  Preece,  for  applying  a  covering  of 
asphalt«  and  hemp  to  the  outer  wires  of  a  finished  iron  cable, 
with  the  object  of  retarding  the  decay  of  the  zinc  coating  the  iron 
wires  of  cables.  Sir.  Clark  bad  acquired  the  interest  of  Mr.  Preece 
(not  our  esteemed  Past-President),  and,  as  Mr.  Clark  and  I  were  in 
partnership  at  the  time,  I  purchased  Mr.  Braithwaite'a  interest  in 
it  in  1860.  It  had  been  tried  on  a  short  length  of  cable  laid  to 
the  Isle  of  Man  from  near  Whitebaven,  in  1859.  The  cable  was 
passed  through  the  hot  asphalte  contained  in  a  revolving  tank 
enclosing  the  bobbins  of  hemp.  The  mixture  was  made  hot  by 
charcoal  fires  outside.  The  insulation  was  damaged  by  this 
lirocess,  and  the  delay  and  injury  was  so  great  that  it  took  more 
than  a  fortnight  to  get  the  36  miles  covered  with  it.  Mr.  Clark 
went  away  to  the  Bed  Sea  in  1861.  Nobody  would  use  the 
patent  after  the  Isle  of  Man  cable  esperience,  so  I  set  to  work 
to  deal  with  the  matter, 
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The  result  of  my  study  and  eiperimenta  was  tliat  I  devised 
and  patented  (No.  46fi,  A.n.  1862)  the  system  generally  adopted 
in  all  cable  works  since,  of  applying  the  hot  compound  over  the 
finished  cable  by  an  elevator  driven  from  the  machine,  making 
the  laying  on  of  the  hemp  or  jute  and  compound  one  ojwration, 
and  saving  the  delay  of  the  former  double  manufacture,  and  also 
that,  as  the  supply  of  compound  was  arrested  (if  the  closing 
machine  was  stopped  for  putting  in  a  bobbin  of  fresh  iron  wire), 
no  damage  could  be  caused  to  the  insulator.  The  cable  was 
then  passed  through  semi-circular  rollers  (a  stream  of  water  being 
poured  over  them),  by  which  the  coating  was  thoroughly  pressed 
into  all  the  interstices  of  the  wires.  Thus  the  coating  was 
done  at  the  same  time  by  part  of  the  cable  machinery,  and 
the  danger  of  destroying  the  insulation,  and  the  cost,  delay, 
and  damage  of  re-coiling  was  avoided.  Moreover,  after  a  great 
series  of  experiments,  I  arrived  at  an  improved  composition 
of  mineral  pitch,  tar,  and  silica  made  fi'om  calcined  flints  ground 
to  a  powder,  by  which  latter  addition  the  boring  tool  of  the  teredo 
■was  damaged  directly  it  touched  it.  This  process  has  been  highly 
successful,  practically  as  well  as  pecuniarily,  having  yielded 
upwards  of  £30,000  to  Mr,  Clark  and  myself  up  to  the  time  that 
my  patent  expired. 

I  shall  say  no  more  about  the  Persian  Gulf  Cable.  I  went  oat 
to  lay  it  myself,  and  everything  went  on  without  any  hitch  or 
mishap.  All  the  details  will  be  found  ( including  a  new  mode  at 
that  time  of  joint  testing  J  in  a  paper  read  by  meat  the  Institution 
of  Civil  Engineers  in  1865.  The  cable  was,  and  has  been,  a  com- 
plete success. 

By  the  date  of  the  laying  of  the  Persian  Gulf  Cable,  forming 
the  first  telegraphic  connection  between  England,  Europe,  and 
India,  the  science  of  making  and  laying  submarine  lines  was 
pretty  definitely  worked  out,  and  no  important  improvement  has 
been  since  introduced.  I  do  not  therefore  propose  to  add  further 
particulars  relating  to  subsequent  cables,  the  more  bo  as  they  are 
to  be  found  in  many  books,  including  our  own  jonmalB  and 
technical  papers. 

I  should,  however,  observe  that  during  my  absence  in  India 
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^H^nd  Perds,  in  1S64,  cotnbinatioD?  ^ere  arranged  leading  to  the 

^Hfeirmationoflargecable  companies,  which  mat  erinllyand  beneficially 

^Baffected  the  future  telegnii)hic  communication  across  the  seas. 

^H      In  March  of  that  year,  the  India  Rubber,  Gotta  Percha,  and 

Works  Telegraph  Company  was  registered  to  take  over  the  large 

works  of  Messrs.  Silver — now  generally  called  the  "  Silvertown 

Company" — and  in  the  following  month  the  businessee  of  the 

(rutta  Percha  Company  and  Messrs.  Glass,  Elliot,  &  Company 

were  combined  as  the  "  Telegraph  Construction  and  Maintenance 

^^^tmpany.*' 

^^^  At  the  present  time  these  companies  and  Messrs.  Siemens 
have  constructed  very  great  lengths  of  cable,  making  the  total 
107,000  miles  of  submarine  communication  with  all  the  important 
parts  of  the  world,  in  which  more  than  £37,000,000  capital  is 
invested,  according  to   calculations  supplied   me  by  Sir  Jamea 

Rinderson. 
I  will  advert  to  one  further  i)oint  before  quitting  the  subject 
f  submarine  cables  i — The  importance  of  thoroughly  surveying 
and  sounding  the  bottom  along  the  route  where  a  cable  is  pro- 
^^bosed  to  be  laid  has  been  of  late  years  more  closely  carried  ont 
^^Tlian  in  early  times,  and  I  may  remark  that  had  this  been  always 
done  many  of  the  failui'es  of  early  cables  after  but  a  brief  sub- 

tergence  would  not  have  taken  place. 
It  is  only  by  means  of  taking  soundings,  which  should  not  be 
ore  than  ten  miles  apart,  that  an  ever  bed  can  be  relied  upon. 

Whilst  laying  the  Lisbon-Madeira  Cable  in  1874,  the  Tele- 

^Hjpaph  Construction  Company's  ship  "  Seine "  discovered  a  bank 
in  latitude  33°  47'  N.  and  longitude  14"  1"  W.,  the  depth  being 
about  100  fathoms,  with  2,400  fathoma  in  its  immediate  neigh- 
bourhood. 

In    1879,  Messrs.   Siemens'  telegraph  ship  "Faraday"  dis- 
d  shallow  water  in  mid-Atlantic  when  laying  the  Atlantic 
,e  of  that  year. 

These  soundings,  being  of  extreme  practical  importance  for  the 
welfare  of  submarine  cables,  are  also  of  advantage  to  the  scientific 
worid  generally,  in  increasing  the  knowledge  of  the  depths  of  the 
d  the  nature  of  its  bed. 
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The  Silvertown  Company  has  given  particular  attention  to  this 
eabject,  as  described  ia  a  paper,  "  On  Oceanic  Shoals  discovered 
in  the  Steamship  '  Dacia,' "  read  before  the  Royal  Society  of 
Edinburgh,  in  1885,  by  Mr.  J.  Y.  Buchanan,  F.R.8.E. 

Before  starting  to  lay  the  cable,  the  telegraph  ateamera 
"  Dacia"  and  "International,"  in  1883,  sounded  from  Cadiz  towards 
theCanarieBon  two  separatezig-zag  routes;  and  over  lUO  soundings 
were  taken  in  this  way  by  each  ship  at  distances  of  10  milea  apart. 

In  the  course  of  these  soundings  the  "  Dacia "  discovered  a 
bank  in  latitude  31°  9'  30"  N.  and  longitude  13°  34'  30"  W.,  and 
depth  58  fathoms,  in  the  vicinity  of  a  2,000-fatbom  depth  ;  or, 
about  the  height  of  St.  Paul's  Cathedral  from  the  bottom  to  the 
surface  as  compared  with  some  of  the  highest  Swiss  mountains 
These  Foundings  were  in  what  otherwise  might  have  been  taken 
as  the  line  of  the  Canaries  Cable. 

In  1885,  and  last  year,  the  telegraph  steamer  "Buccaneer," 
belonging  to  the  same  company,  made  close  surveys  and  soundings 
down  the  West  Coast,  of  Africa  to  a  point  as  far  south  as  St.  Paul 
de  Loanda,  with  a  \iew  to  laying  cables  there ;  and  the  results 
were  given  by  Mr.  Buchanan  in  a  paper  read  at  the  Hoyal 
Geographical  Society  in  November  last.  There  were  over  1,000 
soundings  taken,  besides  noting  the  strength  of  the  currents 
along  the  coast,  which  is  considerable. 

I  regret  that  time  does  not  now  allow  me  to  do  more  than  refer 
briefly  to  the  means  of  doubling  the  transmitting  jjower  of  cablea 
by  the  highly  ingenious  duplex  system  invented  by  the  Messrs. 
Muirhead,  which  is  now  applied  most  successfully  to  about  50,000 
miles  of  submarine  lines. 

Duplex  telegraphy  as  applied  to  cables  has  been  brought  to 
a  high  degree  of  perfection,  judging  from  the  results  that  have 
been  obtained  on  the  Mackay-Bennett  cables  recently  laid  across 
the  Atlantic.  The  system  is  simply  a  "bridge"  method,  in 
which  two  sets  of  condensers  aie  kept  balanced  in  connection 
with  the  cable  and  the  artificial  cable,  without  the  insertion  of 
wire  resistance  to  any  great  extent. 

Dr.  Muirhead  informs  me  that  on  the  New  York  and  Canso 
cable  of  826  knots  the  ordinary  working  rate  was  21  words  per 


tf' 


sra  CHAELES  BRIGHT.  ST 

innte,  bat  when  the  daplei   Byrtem  was  spplied  the  rate  of 

ransmisBion  was  actually  doubled,  being  42  words  per  tainute. 

Also,  that  on  the  long  Atlantic  cable  of  the  sanie  system  between 

Canso,  Nova  Scotia,  and  Watenille,  Ireland,  of  2,353  knots,  while 

.e  ordinary  telegraph  instmmenta  gave  a  speed  of  nearly  16 

words  per  minute,  the  duplex  apparatus  has  yielded  SOJ  words — 

ual  to  an  increase  of  93  J  per  cent. 

Keferring  again  to  the  English  telegraph  companies  and  to  their 

acquisition  by  the  State ;  opinions  have  often  been  expressed  that 

the  Governments  of  the  time  made  an  improvident  bargain,  but 

^1  think  I  shftil  he  able  to  show  that  such  was  not  really  the  case. 

^H     While  the  telegraph  lines  of  the  various  countries  in  Europe, 

^Hsia,  India,  and  in  our  Australian    colonies,  were    erected    and 

^^rorked  by  their  respective  Governments,  in  England  not  only  the 

first  telegriiphs  were  started  by  private  enterprise,  but  so  carried 

on  for  33  years  (1837  to  1870)  until  purchased  by  Government. 

^K     During  this  long  period  those  engaged  in  the  undertaking  had 

^^rovided  the  capital,  incurred  all  the  risk,  and  developed  the 

telegraph  system  into  a  highly  lucrative  business,  from  which  the 

^^kofits,  notwithstanding  competition,  were  steadily  increasing — bo 

much  so,  that  the  net  earnings   of  the  two  largest    companies 

(the  Electric  and  Magnetic)  ranged  from   14  to  18  percent,  per 

^B  The  companies  were  not  desirous  of  parting  with  the  systems 
^^iey  had  created,  but  the  transfer  to  Government  was  very 
^jtroDgly  advocated  by  the  press  and  others. 

^H  Without,  however,  giving  the  companies  particulars  before- 
hand, a  Government  Bill  was  brought  forward  suddenly,  as 
shown  by  the  following  extract  from  a  pamphlet  published  at 
ihe  time  by  Effingham  Wilson,  entitled  "Government  and  the 
Telegraphs  " : — 
^K  "  On  Wednesday,  the  1st  April,  1868,  the  new  Chancellor  of 
^^me  Exchequer,  Mr.  Ward  Hunt,  appeared  at  the  table  of  the 
House  of  Commons  to  move  for  leave  to  introduce  one  of  those 

IDomalous  measures  known  in  Parliamentary  phraseology  as 
hybrid'  bills  (i.e.,  public  bills  affecting  private  rights),  to 
oable  Her  Majesty's  Postmaster-General  to  acquire,  work,  and 
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maiDtain  Electric  Telegraphs.  .  .  .  Mr.  Ward  Hunt  rose  to  ask 
leave  to  introduce  this  Bill  at  25  minutea  before  6  o'clock.  The 
House  of  Commona  adjourns  its  Wednesday  discussions  at  a 
quarter  before  6  o'clock.  The  Chancellor  of  the  Exchequer 
had,  therefore,  only  ten  minutes  to  develop  'the  objects' 
of  the  bill.  Having  fully  exhausted  those  ten  minutes,  the 
Speaker  intimated  that  the  hour  for  terminating  the  discuseion 
had  aiTived. 

"  Mr.  Milner  Gibson  and  Sir  Charles  Bright  rose  to  address  the 
House,  but  they  were  too  late  even  to  ask  a  question  or  obtain  an 
flnswer,*muoh  less  to  raise  any  discussion  on  the  principle  of  the 
measure." 

The  bill  as  at  fij-st  fnimeil  was  very  arbitrary,  and  practically 
looked  like  confiscation  ;  but,  in  ^^ew  of  the  strong  opposition  of 
the  companies,  the  Post  Office  authorities  came  to  terms  by 
agreeing  to  20  year;)'  purchase  of  the  net  profits — that  is  to  say,  that 
Government  acquired  property  yielding  them  5  per  cent,  on  the 
amount  they  paid,  which  they  were  able  to  raise  at  about  3  per  cent. 

A  Parliamentary  committee,  consisting  of  the  Chancellor  of 
the  Eschecjuer,  Mr.  Goschen,  and  others,  then  sat  nine  days, 
and  thoroughly  thrashed  out  the  conditions  of  the  bill  in  July, 
1868,  while  a  Conservative  Government  was  in  power,  and  the 
terms  arrived  at  were  confirmed  nest  year  by  the  Money  Bill 
brought  in  by  a  Liberal  Government. 

Before  the  completion  of  the  purchase  at  the  beginning  of 
1B70,  the  accounts  of  the  companies  were  thoroughly  investigated 
by  accountants  of  the  Post  Office,  and  the  existing  plant  was 
examined  by  their  experts. 

The  total  paid  to  the  Telegraph  Companies  was  £5,847,347, 
of  which  the  Electric  and  Magnetic  had  £4,182,362,  the  balance 
being  divided  between  the  following  smaller  companies:  United 
Kingdom,  Renter's,  and  London  and  Provincial. 

Most  of  the  railways  had  telegraphs  of  their  own,  and 
derived  revenue  from  messages,  aud  also  in  some  cases  from 
payments  made  to  them  by  the  telegraph  companies  for  way- 
leaves  and  other  privileges.  The  value  of  these  to  Government 
was  subsequently  fixed  by  arbitration  at  £1,817,181. 
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Upon     national    consiilerationa     the     Goverament     quickly 

*iided  tlie  wires  to  a   vast  number  of  small  jilacea,  wliich, 

though  a  great  boon  to  the  community  at  large,  entailed  a  very 

large  extra  cost,  especially  as  the  capital  outlaid  in  such  eKtensions 

has  been  debited  in  the  accounts  as  part  of  the  charges  against 

^Uie  revenue  of  each  year.     The  reduction  of  the  message  rates  to 

^Bie  Ghilling  also  entailed  loss  at  first.     These  facts  account  for 

^^Hie  Postal  Telegraph  Department  not  having  profits  to  show  such 

^Hb  made  by  the  companies, 

^K     Bearing  upon  thia,  1  may  mention  that  the  companies  handed 

^Krer,  in  1870,  4S,378  miles  of  land  wire  and  1,622  miles  of  cable 

wires  (irrespective  of  the  r.iilway  wires  worked  by  themj,  con- 

^^kecting  together  2,486  telegraph  stations ;  while  at  the  present 

^Hfime  the  Post  Ofiice  have  no  less  than  153,153  miles  of  wire 

^^Buclading  submarine  wires)  used    for   commercial  purposes   in 

communication  with  5,097  offices.     Thus  the  mileage  has  been 

trebled  and  the  stations  doubled.     There  are  also  17,Oi2  miles  of 

wire  used  for  private  purposes.     In  addition  to  this  the  railway 

companies  have  about  70,000  miles  of  wire.    Making  a  gross  total 

of  240,195  miles  j  and  the  weight  of  the  iron  wires  employed  is 

^jio  less  than  iJ0,150  tons. 

^H     The  following  comparison  of  tariffs  and  messages  for  the  past 
30  years  is  interesting : — 


Nd.  orMwogM. 

882,3r.O 
1,863,839 

4,650,231 

■7,500,000 

9,850,177 
19,253,120 
26,547,137 
1884-5...  133,493,224 

S85-6...     47,508,509 


1855 
3G0 

1865 


^870 
1875 
1880 


...{ 
...{• 


Is.  6d,  to  4s.     Address  free. 

Do.  do. 

Is,  to  2s.,  and  a  fid.  rate  in  oertain 

large  towns. 

Estimated     for     year     preceding 

transfer. 


Is.   tariff  for  20   words. 

free. 
t  October  to  October. 


Address 


••(' 


6d.   tariff   for    12   words.     Address 
couuted.   Also  October  to  October. 

I  ahootd,  however,    remark  that  on  separating  the  inland 
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messages  in  the  last  two  returas  from  the  foreign,  press,  &c., 
messages,  the  great  immediate  increase  by  the  change  of  tariff 
becomes  more  evident,  as  these  figures  give  24,615,395  messages 
in  1884-5  sent  at  the  shilling,  and  37,692,249  in  1885-6  at  the 
sixpenny  rate ;  and  for  the  last  sis  months  under  review  the  inland 
sixpenny  messages  were  at  the  rate  of  more  than  42  millions  per 
annum.  The  receipts  have  also  tm-ned  the  comer,  showing  an 
increase  of  £5,526  over  the  corresponding  period  of  the  shilling 
rate  in  1885.  This  is  partly  accounted  for  by  more  e:ctra  word* 
being  now  used  by  senders,  the  average  amount  paid  per  messa, 
being  now  SJd.,  while  imder  the  shilling  rate  it  was  Is.  OJd. 

I  am  indebted  for  these  later  statif^tics  to  the  Postal  Telegrap' 
authorities,  Sir.  Patey,  C.B.,  Mr.  Graves,  and  Mr.  Preece,  F.K.S. 
all  members  of  our  Council.     If  time  had  i>ermitted  I  intend 
to  describe  Professor  Sir  William  Thomson's  beautiful  apparatui 
for  working  through  long  cables,  and  also  hia  system  of  taking 
deep-sea  soimdings  by  the  use  of  a  small  steel  wire,  which  ia 
generally  adopted.     Nor  have  I  been  able  to  refer  to  telephoneffi 
which  may  be  regarded  as  a  branch  of  the  telegraphs. 

In   conclusion,  I  beg  to  thank  you  for  the  consideration  am 
patient  attention  you  have  accorded  to  my  long  address. 

Mr.  E.  Graves  :  Gentlemen,  I  am  sure  you  will  all  agree  with 
me  that  it  is  impossible  to  part,  this  evening  without  returning 
our  hearty  thanks  to  Sir  Charles  Bright  for  the  very  lucid  parti- 
culars that  he  has  delivered  to  us.  In  a  brief  space  he  has  con- 
densed a  great  number  of  facts  and  figures,  ao  that  nearly  every 
sentence  bristles  with  them.  He  has  related  the  development  of 
telegraphy  in  this  country,  and  of  submarine  cables  provided  by?| 
British  capital  and  British  enterprise,  in  a  way  that  is  the  mor 
interesting  because  in  the  story  detailed  there  was  mnch  perse 
interest,  aa  he  himself  took  a  conspicuous  part,  in  many  of  the 
achievements  related.  1  beg  to  move,  "  That  the  thanks  of  the 
Society  are  due  to  the  President  for  the  valuable  and  interesting 
address  just  delivered  by  him,  and  that  he  be  requested  to  allowj 
it  to  be  published  in  the  Joimial  of  the  Society." 

Mr.  W.  T,  Ahsell  :  Permit  me  to  second  the  proposition. 
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am  quite  Bare  that  you  will  give  Sir  Charles  Bright  your 
warmest  and  imaDimoos  thanks  for  his  able  review  of  the  early 
rise  and  progress  of  telegraphy.  It  affords  me  very  great  pleasure 
to  second  this  proposition,  becaose  I  believe  I  am  almost  the  oldest 
worker  in  the  early  fields  of  telegraphy  still  in  active  service,  and 
one  of  my  early  colleagues  was  the  present  Sir  Charles  Bright, 
and  another  colleague  was  his  brother  Mr.  Edward  Bright,  while 
others  I  am  happy  to  say  are  still  with  the  minority,  and  I  hope 
they  will  remain  with  us  for  many  a  long  year.  After  listening 
to  this  very  able  address,  many  of '  our  young  friends  whom  I  see 
around  me  will  understand,  to  some  extent,  what  were  the  early 
troubles  with  which  the  pioneers  of  telegraphy  had  to  contend : 
what  they  really  were,  none  but  those  who  took  part  in  the  opera- 
tions can  ever  know. 

Mr.  E.  Grates  :  Gentlemen,  you  have  heard  the  resolntion 
which  has  been  moved  and  seconded.  May  I  ask  you  to  express 
yoor  approbation  ? 

The  motion  was  carried  unanimously. 

The  President  :  Gentlemen,  I  beg  to  thank  you  very  sincerely. 

A  ballot  took  place,  at  which  the  following  were  elected: — 

Mejnier: 
P.  B.  Walker. 


Assodaiee : 


W.  J.  S.  Barber-Starkey. 
Walter  G.  A.  Bond. 
J.  Sandford  Coathupe. 
William  Green. 
Frederick  M,  Hodgson. 
James  Kynoch, 

Students: 

Charles  Arnold  HeaHng. 
William  Edward  Hayne. 
William  Peto. 

The  meeting  then  adjourned. 


Albert  Edward  Morrison. 

Algeron  Richard  Nevill. 

Walter  A.  Purdom. 

Robert  Ritchie. 

W.  B.  Sayers. 

Arthur  Annesley  Voysey. 

Charles  Mott. 

Alexander  Gilbert  Sanders. 

Herbert  Thomas  Sully. 
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Tlie  One  Hundred  and  Sixty-first  Ordinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
January  27th,  1887 — Sir  Coarles  T.  Bhight,  President,  in 
the  chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed,' 

The  names  of  new  candidates  were  announced,  and  ordered 
to  be  suspended. 

The  following  transfers  were  announce*!  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Members — 
E.  R.  Barker.  |  C.  H.  Eeynell. 

From  the  class  of  Students  to  that  of  Associates — 
Percy  Gilbert  Ledger. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  December  9th,  1886,  from  Lord  Eayleigh,  the 
Newcastle-on-Tyne  Public  Library,  Mr.  John  Aylmer  (Local 
Honorary  Secretary,  Paris),  and  Professor  Silvanus  P.  Thompson, 
to  whom  the  thanks  of  the  meeting  were  heartily  accorded. 

The  following  paper  was  then  read :  — 
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TELEPHONIC  INATiSTIGATIONS. 

By  Professor  Siltakus  P.  Thompson,  D.Sc.,  Member. 

Just  a  decade  ago  electricians  in  both  hemispheres  were 
directing  their  attention  to  the  perfection  of  instruments  for 
the  electrical  transmission  and  reproduction  of  sounds.  On  this 
side  of  the  Atlantic,  Mr.  Variey  and  Messrs.  C.  and  L.  Wray,  and 
on  the  other,  Messrs.  Elisha  Gray,  Graham  Bell,  and  T.  A. 
Edison,  were  all  at  work.  The  years  &om  1875  to  1879  witnessed 
a  macvelloua  series  of  improvements  in  telephonic  instruments 
of  all  kinds,  and  the  commencement  of  the  exchange  system. 
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Since  the  latter  year  the  development  has  been  almost  wholly 
of  a  commercial  nature.  If  we  except  the  researches  of  Graham 
Bell  and  Taiuter  upon  the  photophone,  which  have  as  yet  not 
been  made  of  any  commercial  value,  it  is  just  to  say  that  no 
great  scientific  progress  was  made  between  1879  and  1885;  for 
Professor  Hughes's  discovery  of  the  microphone  was  made  before 
this  in  1878,  and  the  much-applauded  methods  of  Van  Kyssel- 
berghe  for  the  perfection  of  long-distance  telephony  are  a  mere 
commercial  extension  of  the  researches  of  Black  and  Rosebrugh 
in  1878-9. 

Yet  it  cannot  be  said  that  the  lull  in  telephonic  invention 
and  discovery  has  arisen  from  the  absence  of  need  for  further 
improvements.  The  need  exists  for  better,  cheaper,  more  reliable 
instruments — for  instruments  leaa  subject  to  interference  from 
currents  which  stray  into  the  system  by  induction  and  by  leakage 
—for  instmments  which  will  work  over  longer  distances.  It  would 
be  strange  indeed  if  auch  obvious  and  well-known  necessities  did 
not  sooner  or  later  engender  invention.  Already,  indeed,  in 
several  quarters  a  revival  of  attention  to  this  subject  has  been 
awakened.  In  oar  own  metropolis  Mr.  Langdon  Dalies  has 
produced  a  series  of  inventions  which  might  well  claim  the 
attention  of  this  Society,  comprising  as  they  do  that  novel  kind 
of  transformer  the  Phonopore,  the  Phonoporic  Telegraph,  ana 
the  Open-circuit  Telephone.  Already  we  hear  of  duplex  and 
even  multiplex  telephony— of  special  methods  for  long-distance 
telephoning,  and  of  other  kindred  advances.  A  paper  recounting 
the  inventions  thus  looming  somewhat  dimly  before  ua  might 
form  the  subject  for  a  profitable  discussion :  there  would  at  least 
be  no  lack  of  matter.  The  aim  of  the  present  writer  is  a  far 
simpler  and  more  personal  one.  For  some  three  or  four  years  he 
has  been  engaged  in  the  intervals  of  other  duties  in  examining 
various  points  in  the  theory  and  practice  of  telephony,  and  his 
researches  have  resulted  in  several  forms  of  instruments,  some 
of  which  possess  new  points  of  scientific  interest,  whilst  others 
do  not  profess  to  be  more  than  useful  commercial  articles  in 
which  the  points  of  novelty  are  solely  of  an  industrial  order. 
For  some  months  past  the  writer  has  been  anxious  to  submit  his 
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wurk  to  public  scrutiny,  and  to  breathe  the  healthy  atmosphere  of 
criticism ;  but  bis  ardour  has  been  controlled  by  friendly  advisers 
who  counselled  delay,  but  who,  now  that  all  fears  have  proved 
oeedless,  have  left  him  the  desired  freedom  of  siieech. 

A  complete  telephonic  system  (we  are  not  here  dealing  with 
exchange  working)  usually  consistB  of  at  least  four  jmrts : — 

1.  A  transmitter. 

2.  A  transformer,  or  induction-coil. 

3.  A  circuit  of  outgoing  and  returning  wires  (or  earth), 

4.  A  receiver. 
For  transmitting  both  ways,  all  parts,  save  No.  3,  are  usually 

duplicated.  In  certain  instances  the  transformer  is  dispensed 
with.  In  certain  other  instances  transformers  are  used  at  both 
ends  of  the  line — one  at  the  transmitting  station,  the  other  at 
the  receiving  station.  In  some  instances,  though  not  in  the  first 
telejihones  nor  now  usually,  the  receiving  and  transmitting  in- 
struments are  identical.  In  fact,  we  may  classify  the  various 
systems  as  follows :  — 

r    ™  -^^     ^^  L'^6  Wire  K^  „ 

I.  Transmitter<;j(gjy^  Wire>'^^«''"«''- 

This  is  the  oldest  system. 

II.  Receiver<jJ^j°^'^j^g>Keceiyer. 

This  is  Graham  Bell's  system  ;  either  receiver  being 
used  as  transmitter. 

^^  Line  ,,^ 
III  Transmitter  —  Transformer^^j,  ,^^^>Receiver. 

This  is  the  one  in  common  use. 

rV.  Tranemitter  —  Transformer^^j,   ,   ^^^>RetranB- 
former — Receiver. 
As  the  writer's  investigations  relate  to  transmitters,  trans- 
formers, and  receivers,  it  may  be  well  to  take  up  the  subjects  in 
this  order. 

TaiSSMlTTERS. 

It  may  be  convenient  here  to  give  a  systematic  table  of  all  the 
principal  classes  and  genera  of  transmitters.  The  three  classes 
relate  to  the  way  in  which  the  sonorous  vibrations  are  made  to 
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affect  the  electric  flyBtem,bj  varying  (1)  the  resistaoce;  (2)  the 
electro-motive  force ;  (3)  the  capacity  of  the  circuit  or  of  a  part 
of  it. 


CLASSyiCATIOS  OF 

TBAKSMrlTERS. 

I.   Varymg  Resistance-^ 

1.  Loose  Contact 

with  diaphragm 

Reis,  Berliner,  Blake,  etc. 

without  diaphragm,.. 

Hughes, 

2.  Liquid  Besistance 

in  external  circuit  ... 

Yeates,  Gray,  Graham    Bell, 

Edison. 

in  battery        

Graham  Bell. 

liquid  jet         

Graham   Bell,  Ch.   Bell,   and 

Tainter. 

3.  Short-circnitintt 

Edison. 

Edison. 

Graham  Bell,  and  Tainter. 

Edison  ("  Motograph  "). 


4.  Compressible  semi 

conductor  

5.  Photo-electric  

6.  Tribo-electric  

7.  Crookes'  Layer 

JI.  Varying  Medromotive  Force — 

1.  Magneto-electric  methods : — 

Moving  conductor  in  magnetic  iield  >  (See  Receivere) 

Varying  magnetic  field  aroimd  con-  V  Graham  Bell, 
ductor J  etc. 

Varying  coefficient   of  mutual   in- 
duction  

Varying  coefficient  of  aelf-indnction 

2.  Electro-capillary 

3.  Thermo-electric 

m.  Varying  Capacity  — 

1.  Vibrating  condenser  plates        

My  own  researches  in  this  part  of  the  sulgect  have  been 
Bomewhat  desultory.  So  far  back  as  the  end  of  1878  I  observed 
that  if   a  thermopile  is  placed  so  as   to  receive  the  radiations 
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from  a  singing  flame,  a  sensitive  re-ceiver  of  appropriatp  low 
resistance  jilateil  in  tbe  circuit  will  repeat  the  vibrations.  I 
devised  at  that  date  a  special  transmitter,  in  which  the  voice 
vibrations  were  led  into  a  Kcenig's  manometrie  capsule,  so  that 
the  gns  flame  connected  therewith,  being  thrown  into  vibrations 
in  coiTespondence  with  the  voice,  might  affect  a  thermo-electric 
transmitting  apparatus. 

Later,  I  worked  at  the  problem  of  securing  a  more  direct 
correspondence  between  the  voice-waves  and  the  electric  impulses 
of  the  transmitter  than  wj,s  the  case  with  many  of  the  trans- 
mitters which  were  used  in  great  variety  in  the  years  1878-82. 
The  circumstances  whii'h  in  such  instnimenls  as  the  Blake 
t.ransmitt.er  and  in  the  Wollaston  transmitter  (commonly  known 
as  the  Gower-Bell)  occur  to  cause  this  lack  of  correspondence 
are  various.  All  diaphragms  have  tones  of  their  own — not 
always  well  defined,  but  still  obviously  present.  A  diaphragm 
having  a  low  fundamental  tone  gives  the  voice  a  "  boomy " 
sound,  while  a  diaphragm  of  too  shrill  a  tone  gives  the  voice  a 
"tinny"  sound.  Moreover,  all  springs  have  tones  of  their  own. 
Further,  instnunents  such  as  the  Blake  transmitter,  the  opera- 
tion of  wluch  is  to  open  or  close  the  contact  to  n  greater  or  less 
degree  in  proportion  to  the  vibrations,  do  not  always  do  bo. 
Some  sudden,  powerful  soimd  taken  up  by  the  diaphragm  gives 
the  light  contact-mechanism  behind  it  such  a  sudden  forcible 
thrust  that  the  electrodes  are  forced  wholly,  instead  of  jmrtially 
asunder,  and  the  resistance,  insteat!  of  varying  in  any  exact 
inverse  proportion  to  the  displacement,  increases  suddenly  to 
infinity.  And  the  result  is  not  merely  a  lack  of  correspondence 
between  the  sound-wave  and  the  electric  impulse;  for,  as 
instruments  are  generally  arranged,  another  phenomenon  takes 
place  at  this  stage.  The  sudden  complete  jiarting  of  the 
electrodes  is  followed  by  a  s^wi'k  due  to  the  self-induction  of 
the  circuit ;  and  the  spark,  being  a  sudden  electric  discharge  of 
excessively  short  duration,  produces  a  harsh  and  loud  noise  in 
the  receiver.  Many  persons  call  this  noise  the  noise  of  moke 
and  break.  It  is  nothing  of  the  sort.  Making  of  the  circuit 
and  breaking  of  the  circuit  can  be  accomplished  without  any 
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t^uch   distnrbfmfp,  provided   the  extraKfuirent  sparks    are   aup- 
eesed.     Another  point    is   less   easily  Bt-aterl.     All   the   trans- 
itters  in  which  carhon  contacts  are  used  are  defective  in  their 
.nsniissioQ  of   certain   sounds,  particularly  the  sihilants   and 
shrill  whistling  sounds.     At  one  time  I  was  of  the  opinion  that 
is  circnmstance  was  not.  the  fault  of  the  transmitter  at  all,  but 
ise    from   the   receiver,   which,   in    consecjueuce  of   its    self- 
induction,  "throttled"  (to  use  Lord  Rayleigh'a  terra)  the  more 
rapid  fluctuations  of  the  electric  current.     I  was  nndeceived  in 
^Hlihis  view  hy  finding  substances  other  than  carbon  which,  when 
^^ksed  for  contact-points   in   the   transmitter,  enabled  me,  while 
^^■(till  using  the  existing  receivers,  to  transmit  the  sibilants  with 
^^Kstraordinary  crispness.     Lastly,  none   of    the   transmitters   at 
the  date  in  question,  save  the  Hunninge  and  the  Gower-Bell, 
^^veTv  a^  loud  as  was  desirable.     All  the  others  required  a  very 
^^nensitive  receiver,  with  the  necessary  result   that  the  receiver 
received  too  much — was  so  sensitive   as   to  be   subject   to   the 

ftmsion  of  all  sort.s  of  stray  electric  impulses,  tending  to  drown 
s  own  small  voice. 
At  that  date  the  chief  transmitters  known  were  (I)  the  Blake, 
with  its  two  con  tact -siirfaces  of  good  conducting  matter,  usually 
ilatinum  and  hard  carbon,  liable  to  spark  at  the  break,  difficult 
therefore  to  use  in  factories  where  there  was  vibration,  and  spoiled 
by  being  too  loudly  spoken  to ;  (2)  the  Edison,  with  its  button, 
^Hin-  cushion,  of  semi-conducting  compressible  metallised  fibre  or 
^^mass  of  lamp-black,  screwed  up   so   that   it   could   not   spark ; 
(3)  the  many  varieties  of  Hughes's  microphonic  pencils,  mounted 
^^■dq  sounding  boxes  in  all  sorts  of  ways — Johnson's  transmitter, 
^^Hwing  two  of  Hughes's  pencils,  Theiler's  having  three,  Crossley's 
^^BRir,  Wollaston's  ("  Gower-Be!l ")  sis  or  eight,  and  Ader's  twelve ; 
^^■4)  the  Hunnings's  transmitter,  having  a  loose  layer  of  granules 
^Bof  coke — a  form,  by  the  way,  which  has  lately  been  revived  in  the 
States  with  much  eclat  for  the  purpose  of  long-distance  speaking, 
but  without  any  single  feature  of  novelty  beyond  what  was  known 
here  in  1882. 

kThe  problem  was  to  find  a  form  of  instrument  which,  while 
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with  any  oF  these  forms,  would  neither  sjiark  at  (be  contacts, 
nor  necessarily  require  the  inten'ention  of  a  diaphragm  to  collect 
the  sound-waves.  I  am  far  from  asserting  that  the  presence  of 
the  diaphragm — and  I  use  the  word  in  the  undistorted  sense  in 
whit'h  it  was  used  ten  years  ago — is  in  all  cases  a  detriment  to  a 
transmitter.  On  the  contraryj  in  many  cases  it  is  extremely 
important  to  have  one,  in  order  to  concentrate  on  a  mechanism 
that  otherwise  would  be  inoperative  the  force  derived  from  the 
impact  of  the  sound-wavea  over  a  considerable  area.  1  make  use 
of  this  feature  of  construction  in  one  of  my  most  recent  forms  of 
instrument.  There  are  other  forma  of  instrument  without  any 
diaphragm,  and  which  are  better  without  any. 

The  transmitters  that  I  have  the  honour  of  describing  to-night 
to  the  Society  do  not  pretend  in  any  individual  form  to  present  a 
complete  solution  to  the  complex  problem  of  finding  the  perfect 
telephone.  Of  many  hundreds  of  forms  which  have  successively 
been  essayed,  1  will  describe  only  a  few. 

From  the  days  of  Bourseul's  vague  suggestions  and  Reis's 
early  instruments,  that  acoustic  organ  the  diaphragm  had  been 
deemed  a  fundamental  feature,  until  Hughes  showed  ila  non- 
necessity. Yeates  had  used  it,  so  had  \'artey,  so  had  Van  der 
Weyde.  Messrs.  C.  and  L.  Wray  had  used  a  double  diaphragm, 
(iray,  Graham  Bell,  Berliner,  Siemens,  and  Edison  bad  all  made 
it  the  starting  point.  The  discovery  that  no  diaphragm  was 
necessary  was  proclaimed  by  Hughes  and  claimed  by  Edison  early  in 
1878.  But,  when  one  tried  to  construct  practical  microphone  trans- 
mitters without  any  diaphragm  to  collect  and  concentrate  the  air- 
waves, it  became  apparent  that  the  diaphragm  had  also  ser\'ed 
another  function,  namely,  to  intercept  the  moisture  of  the  breath, 
which  otherwise  would  condense  on  the  electrodes  and  impede 
their  action.  Hence,  in  omitting  the  diaphragm  in  order  to 
secure  a  more  direct  correspondence  between  the  voice-waves  and 
the  electric  impulses,  it  became  necessary  to  devise  means  for 
getting  rid  of  moisture.  A  short  length  of  speaking-tube  fur- 
niahft!  all  that  was  wanted.  Many  esperiments  required,  however, 
to  be  made  l^efore  the  best  form  of  microphonic  arrangement  to 
suit  this  method  of  working  was  found.     One  early  form  of  tube- 
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telephone  on  this  plan  bad  springy  tongues  of  earbonieed  paste- 
bijard  to  constitute  the  contatt-electrodes ;  another  hml  a  small 
{lendulum  arrangement  like  the  electrodee  of  the  Blake  telephone. 
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In  the  spring  of  1884  I  devised  the  form  shown  in  Fig.  1,  to 
which  at  the  time  I  gave  the  name  of  *'  Nest  "  telephone,  because 
in  it.  the  working  parts,  instead  of  being  mounted  on  eprings, 
reposed  in  a  sort  of  nest  made  of  cotton-wool  or  niag-wool.  Some 
nestB  bad  in  them  contact-pieces  shaped  like  eggs ;  others  mere 
ke  granules ;  others,  like  the  figure,  had  a  central  ball,  E,  with 
sniall  microphonic  pencils,  G,  around  it,  the  ball  resting  on  the 
bed  of  wool,  B,  in  the  nest,  and  the  air  waves  impinging  through 
the  epeaking-tube.  A,  from  above. 

About  the  same  time  it  was  my  fortune  to  have  as  my  colla- 
rator  Mr.  Philip  Jolin,  engineer,  of  Bristol,  and  in  conjunction 
ith  him  1  devised  the  form  next  shown  in  Fig.  2.     It  occurred  to 

that  if  the  air  waves  could  bend  a  flat  stiff  diaphragm  they 
might  be  able  to  lift  s  valve,  which,  though  incai»able  of  bending 
or  vibrating  in  itself,  might  follow  or  ride  upon  the  vibrations  of 
the  air-waves.  After  a  trial  of  many  intermediate  forms,  some  of 
which  are  on  the  table  before  you,  we  settled  upon  the  pattern 
shown  in  Fig.  2,  having  a  polished  valve-ball,  V,  reposing  Ughtly 
U[xm  three  metal  pina,  P,  between  which  it  made  electric  contact. 
The  speaking-tube,  A,  led  the  voice-waves  to  impinge  on  the  under 
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Side  of  the  valve,  and  the  tube  itself  was  clam|>ed  in  a  supiwrting 
bracket,  S,  between  two  rings,  R,  oE  india-rubber,  to  [(revent  any 
Btraj  vibrations  from  reaching  the  sensitive  meobaniam  from  the 

V 


wall  against  which  it  was  fixed.  Concerning  the  material  of  the 
valve  itself  I  will  presently  speak.  We  found  that  valves  of 
many  kinds— cone  valves  a  nil  clack  valvea,  as  well  as  ball 
valves — gave  exceUent  results.  Later,  it  was  found  advisable 
to  modify  the  "  Valve  "  telephone,  and  to  give  it  the  form  showTi 
in  Fig.  3,  in  which  the  valve  is  egg-shaped,  or  even  pegtop-j 
shaped,  rather  than  spherical,  and  the  current  is  led  into  it' 
through  a  fine  coiled  wire;  tie  three  contact-pins  (of  hard  Carr^ 
carbon)  being  united  so  tliat  the  three  contact  surfaces  were  all 
in  parallel  with  one  another.  With  this  form  stronger  currents 
could  be  used.  In  the  search  after  the  best  form  to  give  to  the 
instrument,  I  was  aided  by  Mr.  John  S.  Sellon,  who  also  produced 
several  excellent  transmitters  having  microphones  of  special  form. 
In  one  of  these  a  perforated  ball,  or  bead,  was  slipped  over  the 
ends  of  two  nearly-meeting  cylinders,  which  projected  horizoutalljr 
over  the  top  of  the  speaking-tube. 
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The  loadness  of  the  Valve  telephone  U  limited  by  the  fact 
that  it  ia  not  expedient  to  work  with  more  than  three  contact- 
points,  the  hmit  being  a  natarai  geometrical  one  familiar  to  every 
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constructor.  When,  therefore,  Btill  louder  instruments  are  desired, 
either  several  separate  valves  must  be  combined,  or  some  other 
form  of  instmment  must  be  employed  ailmitting  of  a  larger 
nnraber  of  contacts  being  introduced.  A  form  of  instrument 
which  answers  extremely  well,  and  is  both  simple  and  handy,  ia 


a 


lictcil  in  Fig.  4.  It  consists  of  a  (frld  or  row  of  microphonic 
BDcils — Hughes's  microphones  pure  and  simple — mounted  in  an 

en  frame,  F,  and  jirovided  with  a  convenient  rubber-covered 
undlc,  H,  tlirougb  which  the  conducting  wires  paas.  There  are 
ftveral  ways  of  using  the  "Grid"  telephone — it  may  be  mounted 
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above  the  call-bel!  with  tlie  handle  vertical,  or  it  may  be  held  in 
the  hand  and  einiply  talked  to,  the  voice-waves  striking  direct 
upon  the  microphonic  pencils.  But  there  is  a  third  way  in  which 
it  may  be  used,  namely,  that  suggested  so  fer  back  as  1878  by 
our  esteemed  Past-President  Mr.  Preece,  in  this  very  room,  when 
he  showed  that  Hughes's  microphone  required  no  air-waves  to 
operate  it,  but  might  be  placed  against  the  forehead,  face,  ov 
breast.  About  the  same  time  Professor  McKendrick  found  that 
the  mechanical  vibrations  of  the  throat  could  work  a  Hughes's 
microphone  direct.  The  "  Grid  "  telephone  has  a  second  handle, 
K,  which  can  very  conveniently  be  laid  against  the  throat  or 
breast,  and  it  makes  an  admirable  transmitter.  I  am,  indeed, 
told  that  a  Mr.  James  Lowth,  of  Chicago,  has  brought  out  a  wbole 
Byatem  of  telephony  based  on  this  method. 

Not  being  quite  Batisfied  with  any  of  the  inatnmients  which  I 
have  now  described,  though  any  one  of  them  is  quite  equal  to  the 
average  Blake  telephone,  and  some  better,  I  have  designed  yet 
another  form  of  instrument  specially  for  the  work  of  long-range 
transmission,  or  where  very  unusually  loud  effects  are  wanted.  For 
long  I  have  maintained  that  the  clue  to  long-mnge  telephony  is 
to  use  much  more  powerful  transmitters  and  much  less  sensitive 
receivers.  The  more  powerful  transmitter  will  require  strong 
currents  to  pass  through  it  in  order  that  it  may  produce  strong 
variations  of  current.  But  strong  currents — currents  of  from  -^ 
■  of  an  ampere  to  one  or  two  amperes — are  ont  of  the  question 
where  only  one  or  two  or  even  sis  contact-points  are  used.  Too 
strong  a  current  through  any  one  contact-point  ruins  its  working. 
We  know,  both  from  the  researches  of  Mr.  Eidwell,  from  the 
theory  of  Dr.  Moser,  and  from  the  experience  of  Wollaston  and 
Ader  transmitters,  that  the  right  solution  to  the  problem  of 
arranging  a  set  of  microphones  in  the  most  eflFective  way  is  to 
place  them  all  "  in  parallel "  with  one  another,  so  that  the  main 
current  divides  itself  between  all  the  contacts.  If,  however,  a  set 
of  microphonic  pencils  are  placed  simply  all  in  parallel,  there 
occurs  a  practical  difficulty,  namely,  that  the  least  sensitive  micro- 
phone is  that  which  will  receive  the  greatest  current ;  and,  more- 
over, if   the   attempt   is   further   made   to  provide   the  set   of 
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[microphones  with  electricity  at  a  conetant  potential,  then  there  is 
continual  liability  for  one  contact  to  become  overheated  and 
Bpoiled.  The  ordinary  way — for  example,  in  the  Crossley  and 
ler  telephones — of  arranging  microphonea  is  to  attach  them 
is  by  Bide  beneath  the  under  surface  of  a  sounding-board.  This 
'arrangement  seems  to  be  open  to  the  objection  that  the  various 
parts  of  the  sounding-board  do  not  move  simultaneously  in  the 
same  direction ;  some  are  heaving  up  at  the  moment  when  other 
^paits  are  moving  down.  The  wonder  is  that  such  a  transmitter 
Tcorks  lis  well  as  it  Joes.  The  transmitter  that  I  have  constructed 
for  this  special  work  has  many  microphones — 108  in  all,  arranged 
in  54  parallels,  the  pencils  being  two  in  series.     They  can  also  be 
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arranged  all  in  parallel  if  desired.  As  Fig,  5  showH,  they  are 
grouped  in  multiple-gridB.  Each  grid  or  layer  contains  12  micro- 
phonesj  and  the  motion  is  commnnicated  to  them  by  a  central 
vertical  rod  which  itseli  receives  its  motion  from  the  centre  of  a 
mica  diaphragm.  The  impulses  do  not,  of  course,  pass  down  the 
Siteel  rod  absolutely  instantaneously,  but  the  retardation  of  phase 
of  even  the  shrillest  of  vocal  sounds  is  quite  negb'gibly  small. 
The  microphones  practically  act  simultaneously.  To  each  layer 
of  microphones  a  small  resistance-coil  is  added,  thus  assimilatin 
the  practice  to  that,  adopted  when  a  set  of  arc  lamps  are  to  be 
used  in  parallel.  Perhaps  it  may  be  worth  while  to  provide  a 
small  resistance  to  each  pair  of  pencils  hereafter.  When  there 
are  so  many  microphones  to  be  carried,  although  Ihe  voice-w<i\'es 
are  concentrated  by  a  diaphragm  of  five  inches  in  diameter,  the 
amplitude  of  vibration  imparted  is  not  very  great,  probably  not 


much  greater  than  would  be  imparted  by  the  voice  acting  upon 
the  microphones  direct  if  the  diaphragm  were  removed.     This 
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mode  of  asing  the  Iransmitter  is,  by  the  way,  quite  succegsful. 
Bat  if  the  number  were  further  increased,  the  amijlitudc  of  motion 
imparte<I  by  the  diaphragm  would  be  insufficient.  Hence  I  have 
songht.  other  ways  of  obtaining  mechanically  the  requisite  energy, 
leaving  the  voice  the  work  of  controlling  the  motions.  A  method 
of  doing  this,  which  promises  good  results,  was  suggested  by 
Ediiion's  "  motograpbic "  receiver.  Against  a  slowly-rotating 
friction-roller  presses  an  extension  of  the  rod  that  supports  the 
central  bars  of  the  layern  of  microphones,  and  agitates  them  with 
H  linig  and  slip  motion.  The  voice  is  made  to  affect  the  pressure 
Upon  the  slipping  surfaces,  and  so  control  the  periods  of  drag  and 
slip.  The  crude  notion  ih  represented  in  Fig.  6.  In  experiment- 
ing in  this  direction  several  points  of  interest  in  the  theory  of 
microphonic  contact  presented  themselves,  and  are  worthy  of 
attention. 


Effects  of  Heat  on  Mjchophonic  Contacts. 

First  of  these  points  waa  the  effect  of  heat  on  microjjhonic 
'ontacts.     It  is  a  matter  of  common  knowledge  that  microphonic 


I 

^^tcoQtacts  work  more   satis&ctxirily  when  warm  than   when   cold. 
^^  Hunnings'  transmitters  of  granulated  coke  work  beat  when  heated 

thy  the  current.  Oehurowiczs  has  produced  a  special  telephone 
transmitter— the  details  of  which  are  still  kept  from  publication 
■^in  which  a  preliminary  heating  is  brought  about  by  using  a 
powerful  current.  I  have  tried  various  arrangements  of  raicro- 
{thones  in  which  heat  was  led  from  a  small  gas  jet  by  copper  rods 
or  tubes  to  beat  the  working  contacts,  but  have  not  arrived  at 
any  final  form.  At  one  time  I  was  under  the  impression  that  the 
^^rbeat  served  simply  or  chiefly  to  increase  the  energy  of  the  vibra- 
^^ptions  imparted  by  the  voice.  But  further  experiment  showed 
that  this  was  at  least  a  crude  view,  for  I  found  that  if  one  of  the 
two  pieces  in  contact  was  heated,  the  microphonic  joint  became 
more  sensitive  to  sound  when  the  other  was  kept.  cool.  In  fact 
the  actual  transfer  of  heat  across  the  loose  contact  of  the  circuit 
teems   to  facilitate  its   action  as  a  telephonic   transmitter.     In 

Endying  this  point  I  came  upon  another  fact,  namely,  that  the 
yer  of  vapour  which  exists  between  a  drop  of  acidulated  wat,CT 
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in  the  so-called  spheroidal  state  and  the  hot  metal  plate  beneath 
it  will  altto  act  as  a  microphonic  transmitter,  though  (Jom  its  high 
resistance  and  instability  it  is  a  rather  unmanageable  sort  of 
transmitter.  Now  we  know  from  the  researches  of  Dr.  Cr. 
Johnson  Stoney,  Professor  G.  F.  Fitzgerald,  Profeasor  Barrett, 
and  Mr.  R.  Moss,  that  the  layer  of  vapour  which  supports  the 
spheroid  is  in  the  state  of  so-called  "  heat-polarisation,"  that  is  to 
say,  ha\'ing  a  peculiar  streas  in  it  transverBely  to  the  layer.  The 
researches  of  this  group  of  distinguished  scientific  men  have 
shown  that  there  is  a  distinct  relation  between  the  stress  across 
the  layer  and  the  difference  of  temperature  between  its  surfaces. 
Between  these  layers  heat  is  passing  by  a  process,  termed 
"  penetration "  by  Dr.  Stoney,  the  essence  of  which  is  that  the 
molecules  which  are  travelling  across  the  layer  from  the  hot  to  the 
cold  side  are  moving  faster  than  those  which  are  travelling  in  the 
contrary  direction.  That  such  a  layer  cau  conduct  an  electric 
current  proves  that  the  molecules  in  their  flights  across  the  layer 
carry  electric  charges  upon  them,  exactly  as  do  the  flying  mole- 
cules in  the  highly  attenuated  vapour  of  a  racunm  tube.  It  is 
indeed  significant,  that  our  Vice-President,  Mr.  Crookes,  himself 
suggested,  so  far  back  as  1874,  that  the  phenomena  of  the 
*'  spheroidal  state  "  were  due  to  the  same  causes  as  those  he  was 
studying  in  the  repulsion  which  he  found  to  exist  between  two 
bodies  one  of  which  is  hotter  than  the  other,  as  in  the  lase  of 
the  blackened  vanes  of  the  radiometer  and  its  enclosing  bulb. 
If  this  view  be  correct,  the  apparent  resistance  of  a  layer  of  Byiog 
particles  oaght  to  be  projjortional — cdei-is  paribiia — to  the 
number  of  molecular  impacts  per  second,  and  this  in  turn  will  be 
proportional  to  the  area  of  the  layer,  and  inversely  proportional 
to  its  thickness.  It  is  possible  that  it  may  be  a  novel  idea  to 
some  members  of  the  Society  that  if  an  insnlated  conductor  of  a 
a  given  size  is  flying  backwards  and  forwards  in  a  regular  periodic 
manner  between  two  surfaces,  one  of  which  is  at  a  higher  electric 
potential  than  the  other,  it  will  act  as  a  conductor  of  measurable 
apiwrent  resistance.  An  ordinary  electric  bell  while  ringing 
possesses  a  measurable  apiiarent  resistance  ijuite  different  from 
its  resistance  when  standing  still,  and  dependent  on  the  frequency 
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of  its  vibrations  and  on  the  length  of  jjath  at  the  contacta,  as 
well  OB  on  the  natiire  of  the  contacts.  Maxwell  suggested,  and 
Air.  Glazebrook  has  used,  a  method  for  measuring  tlie  capacity  of 
condenser  by  measui-ing  the  apparent  resistance  of  a  vibrating 
,tact  npparatnB,  an  electrically  maintained  tmiing  fork  of 
'Icnovn  pitijh.  There  is  then  good  reason  to  think  that  a  layer 
containing  hundreds  of  thousands  or  even  millions  of  molecules 
Bying  to  and  fro  between  its  bounding  surfaceB  will  have  a 
measurable  resistance,  even  though  the  whole  phenomenon  be  one 
of  minute  discontinuous  discharges.  Suppose  that  an  interrupter 
like  the  hanunei  of  an  electric  bell  or  the  rheotome  of  an 
ordinary  induction-coil  could  be  made  to  \ibrate  at  a  pitch 
higher  than  the  highest  audible  sound, — say,  at  45,000  vibrationH 
per  second, — we  might  measure  its  resistance  without  being  able 
in  the  least  to  tell  that  it  was  not  an  ordinary  resistance.  It 
rnJd  probably  vary  considerably  with  pressure.  But  here  we 
come  to  the  question  whether  the  entire  phenomenon  of  elas- 
ticity is  not  due  to  incessant  minute  motions  ;  a  question  too  wide 
discnsB  here,  and  itself  only  part  of  a  still  wider  question 
whether  all  potential  energy,  so-called,  is  not  really  kinetic  energy 
after  all. 

Hetuming  from  this  point  to  the  more  familiar  one  of  the 
oBOse  of  the  action  between  the  two  sui-fiices  of  a  microphonic 
,  let  it  be  obsen-ed  that  there  is  an  obvious  incompletness 
;t  both  of  the  rough-and-ready  theories  which  are  commonly 
ited;  viz.,  that  microphonic  action  is  due  (1)  to  the  variation  of 
distance  of  the  material  underpressure,  and  (2)  to  the  variation  of 
number  of  points  of  contact  between  the  sm^faces.  The  first 
ew  is  known  to  be  wrong ;  but  is  not  the  second,  as  thus  stated, 
terribly  imperfect  ?  Little  as  we  know  yet  about  the  exact  kind 
of  motion  which  constitutes  beat  in  a  body,  we  know  at  least  this, 
at  the  heat  in  a  solid  body  is  a  motion,  rihratory,  oscillatory, 
'OT  rotatory  of  its  particles.  We  know  that  the  surface  particles  of 
every  substance  that  is  not  at  the  absolute  zero  of  temperature 
are  animated  incessantly  with  minute  motions  which  are  of  an 
irregular  kind  not  timed  together,  otherwise  the  body  would 
imit  rays  of  one  frequency  only,  not  all  executed  in  the  same 
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direction  at  the  same  instant,  otherwise  the  emitted  rays  would 
be  polarised  rays.  We  know  that,  their  average  amphtudes 
inCTease,  and  that  their  average  frequencies  also  increase,  with 
increase  of  temperature ;  hut  this  brings  ua  ahnost,  if  not  quite, 
to  the  boundary  of  present  knowledge.  We  know,  further,  that 
the  most  highly  polished  siirfaces:  we  can  obtain  may  be,  mole- 
euiarly  speaking,  quite  rough.  A  ridged  surface  whose  corruga- 
tions are  less  than  a  half-millionth  of  an  inch  in  breadth  is 
perfectly  flat  to  all  optical  tests,  but  such  ridges  might  contain 
from  five  hundred  to  two  thousand  rows  of  sei>arate  molecules. 
A  metal  surface  one-millionth  of  an  inch  square  may  have  from 
four  to  sixteen  thousand  molecules  on  its  top  siirface.  Think  of 
two  surfaces  such  as  we  have  to  deal  with  in  telephonic  tmns- 
mitters,  sny  one  of  platinum  and  one  of  carbon.  Both  rough, 
both  heated  by  the  passage  of  the  electric  current,  that  is  to  say, 
each  having  its  molecules  in  violent  agitation,  and  ready  to 
discharge  electricity  from  the  surface  of  higher  to  that  of  lower 
Ijotential.  Let  these  two  be  resting  lightly  in  what  we  commonly 
call  "contact:"  what  a  jostHng  of  molecules,  what  innumerable 
batterings,  what  millions  of  minute  electric  discharges;  air  par- 
ticles, nay,  even  solid  dust  jiarticles  torn  from  the  two  surfaces, 
flying  to  and  fro  between  them,  forming  a  veritable  Crookes's 
layer.  Then  think  what  is  the  meaning  of  putting  more 
pressure  on  to  such  a  "contact."  The  thousands  of  molecular 
makes  and  breaks  that  were  going  on  will  be  multiphed ;  the 
paths  of  the  flying  molecules  shortened  ;  more  current  will  flow ; 
heat  agitations  become  still  more  energetic.  Take  off  the 
pressure,  the  two  surfaces  fling  one  another  apart,  or  bombard 
one  another  apart ;  discharge  takes  place  more  slowly ;  the  apjiarent 
conductivity  of  the  layer  ia  reduced.  Move  the  snrfaoes  still 
further  ajtart,  the  atomic  (.-lash  and  atomic  bombardment  is  still 
further  enfeebled.  Separate  them  by  a  visible  distance, — like  the 
spheroidal  drop  separated  visibly  from  the  hot  plate  beneath  it, — 
still  there  are  the  flying  molecules  at  work  between  them.  Will 
any  one  undertake  to  say  that  at  sensible  distances,  such  as  one- 
thousandth  of  an  inch,  or  even  one-hundredth  of  an  inch  apart, 
no  discharge  takes  place  at  all  across  the  gap  ?     Think  of  this,  and 
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en  meditate  on  the  shallowness  of  the  dietHm  that  when  two 
eaa  platinum  contacts  are  used  in  a  transmitter,  the  current 
mu^t  be  either  wholly  on  or  wholly  off,  either  "  made "  or 
"broken,"  with  a  sharj)  transition  prr  aaltiim  between  the  state 
when  the  two  enrfaces  are  in  perfect  contact  and  the  state  when 
the  two  surfaces  are  not  in  contact  at  all.  Think  of  the  utter 
fatuity  of  the  dictum  that  a  transmitter  cannot  transmit  unless  the 
contact  substances  are  "  Gemi-conil actors."  The  more  one  thinks 
the  matter  from  the  point  of  \iev  of  the  molecular  vibrations, 
e  more  iilnin  is  it  that,  every  transmitter  that  works  by  varying 
e  reeistance  of  the  circuit — every  one  of  Class  1.  In  the  table  of 
transmitters — works  by  varying  the  number  of  molecular  con- 
3,  and  that  the  most  i)erfect  transmitter  will  be  the  one  that 
loes  this  in  the  most  effective  correspondence  with  the  diajtlace- 
raents  in  the  air  caused  by  the  speaker's  voice,  and  will  give  the 
effect  of  undulation  when  the  air  particles  merely  undulate,  and 
will  give  the  effect  of  intermission  when  there  is  intermission 
between  the  motions. 

The  foregoing  considerations  will  perhaps  make  more  intelli- 
gible the  action  of  heat  in  assisting  microphonic  action.  It  is 
my  opinion  that  what  heat  can  do  can  also  be  done  by  auxiliary 
vibrations  of  such  periods  as  shall  not  interfere  with  the  tones 
of  the  voice.  I  have  had  an  apparatus  lately  constructed  to  test 
this  matter. 


coi 
In.- 
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IhTERMITTESCE   in    VlBRATlOHS. 

It  was  remarked  earlier  in  this  paper  that  tho  noise  commonly 
attributed  to  "  make  and  break "  is  really  due  to  sparks ;  and 
that  if  these  are  suppressed,  "break"  produces  no  more  noise 
than  "  make."  Under  these  circumstaneee  speech  is  perfectly 
tmnsmitted  by  sensitive  arrangements  in  which  otherwise  the 
speech  might  be  drowned  by  the  spark-rattle.  The  mere  fact 
that  the  \-ibrations  corresponding  to  a  certain  sound  stop  for  a 
abort  time  does  not  necessarily  produce  on  onr  ears  any  dis- 
omtinaity  in  the  sound.  Nay,  if,  for  example,  the  vowel  "  a  "  is 
being  sounded  in  a  telephone,  the  receiver  at  the  other  end 
will  conUnne  to  emit  the  same  sound,  even  though  the  electric 
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impulses  are  occasionally  interrnpted.  Impulses,  large  and 
smal],  discontinuous  in  themselves,  if  rightly  timed,  will  suffice 
to  set  up  any  desired  form  of  ribration  upon  a  proper  receiving 
tympanum.     Take  a  complex  sound  such  as  that  represented  in 
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the  eur\e  A,  Fig.  7.  We  know  that  if  we  translate  this  into 
electric  undulationB  of  the  form  either  B  or  C,  we  shall  get  the 
same  sound  reproduced  in  the  receiver.  But  wo  also  get  the  same 
complex  sound  by  the  discontinuous  impulses  of  intermittent 
electric  cnrrents  such  as  are  represented  grnphicaliy  by  D  and  E, 
provided  the  discontinuous  impulses,  large  and  small,  are  rightly 
timed  and  proi^rtioned.  To  assert  that  discontiDuous  electric 
impulses  cannot  set  up  and  maintain  a  continuous  vibration  in 
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the  annatore  of  a  telephone  receiver  would  be  as  absurd  as  to 
fissert  that  discontinaous  impulses  cannot  set  up  and  maintain 
the  continaous  rotation  of  a  fly-wheel  or  the  continuous  oscillation 
of  a  swing.  But  it  is  hardly  worth  while  to  jirove  by  argument 
what  has  been  abundantly  demonstrated  in  fact. 

MATcaiaLs  for  Thaksmittebs. 

Much  time  has  been  exi^ended  by  me  in  endeavouring  to  find 
a  pair  of  materials  which,  when  used  as  the  contact-surfaces  of  a 
transmitter,  should  give  better  results  than  the  ordinary  contact 
of  platinum  against  carbon.  Contacts  if  made  in  both  parts  of 
metal  are  somewhat  uncertain  in  action,  chiefly  because  of  the 
deterioration  of  surface.  I  have  also  examined  many  of  the 
anbetanees,  natural  and  artificial,  which  possess  quasi-metallic  con- 
ductivity. Some  of  these  form  excellent  materials,  but  each  has 
its  own  jarticular  qualities.  Amongst  natural  minerals  I  have  tried 
the  following; — Native  Arsenic,  Misjiickel,  Ilmenite,  Allemon- 
tite.  Specular  Iron  Ore  (black  crystals),  Magnetite,  Micaceous  Iron, 
Cloanthite,  Pentlandite,  Clausthalite,  Redruthite,  Clial  copy  rites, 
Smaltine,  and  Pyrolusite.  Some  of  these  were  better  than  others ; 
bat  the  best,  micaceous  iron,  was  difficult  to  obtain  in  workable 
pieces.  Artificial  preparations  of  co])jier  treated  with  tellurium, 
and  copper  treated  with  selenium  or  with  mixtures  of  selenium 
and  eolphur,  gave  results  of  surprising  character.  A  hard  and 
tirittle  sort  of  bronze  formed  in  this  way  takes  a  brilliant  polish 
like  eteel,  and  yields,  when  used  against  a  jilatinum  point,  an 
articnlatioD  which  for  crispness  far  surjtaases  anything  to  be 
obtained  from  hard  carbon.  At  onetime  this  bronze  was  used  for 
the  valve-pieces  of  the  valve-transmitter,  but  although  the  articu- 
lation when  the  hall-valve  was  newly  polished  left  nothing  to  he 
desired,  it  was  found  to  acquire  from  the  moisture  of  the  air  a 
film,  probably  of  selenic  acid,  at  the  contacts,  which  gave  rise  to 
carious,  shrill  whistling  sounds.  Mr.  G.  L.  Anders  has  made 
excellent  transmitters  of  osmium  and  of  palladium.  Nickel  also 
answers  fairly  well.  There  is  a  great  difference  between 
diSerent  materials  with  respect  to  the  range  of  amplitude 
ftf  rihrations  suitahle  for  them.     For  the  metals  in  general  the 
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range  of  amplitude  of  motion  must  be  very  small:  they 
require  almost  rigid  connectious.  With  bard  carbou  and  with  the 
copper-seleniom  com;)OsiUoQ  the  range  is  much  greater.  The 
copper-selenium  comiwsition  requires  a  greater  initial  pressure  at 
the  contacts  than  hard  carbon  does.  So  also  does  chalcopjrites, 
which  has  recently  been  suggested  by  Mr.  P.  Rabbidge.  In  our 
present  state  of  knowledge  of  the  properties  of  those  bodies  which 
possess  quasi-metallic  conductivity,  it  is  difficult  to  frame  any 
esplanation  of  these  facts,  or  draw  a  useful  deduction  from  them, 

TltASSMITTERS   OH  OTHER   PBIKCIPLES. 

Incidentally  my  work  has  touched  one  other  method  of  tele- 
phonic transmission,  namely,  that  originated  by  Graham  Bell. 
To  Bell  belongs  the  unquestioned,  and  I  think  unquestionable 
honoor  of  having  suggested  the  magneto- electric  method  of 
transmitting,  as  distinguished  from  the  contact  method.  But, 
in  nine  cases  out  of  ten,  where  telephones  are  used,  Bell's  method 
is  not  employed,  having  been  abandoned  in  fiivour  of  battery  and 
variable  contact.  Even  the  Imperial  German  Post  Office,  which 
for  eight  years  has  been  faithful  to  Bell's  method,  has  now  aban- 
doned it,  and  la  replacing  all  its  magneto-electric  transmitters  by 
microphonic  tranEmitters.  My  own  work,  which  is  more  fiilly 
detailed  under  the  heading  of  "  receivers,"  consists  in  devising  a 
form  of  instrument  on  the  principles,  and  with  some  of  the  actual 
^lorts,  of  the  modem  dj'narao-electric  machine.  I  have  also 
succeeded  in  transmitting  speech  by  an  apparatus  the  principle 
of  which  was  to  use  a  nearly  constant  current,  but  to  vary  the 
number  of  times  that  it  circulated  around  the  primary  of  thi 
transfonner,  by  cutting  out  more  or  fewer  of  the  coils. 

Transformeks. 
The  desirability  of  getting  rid  of  sjiarks  at  the  electrodes 
been  referred  to.  A  shunt  noade  of  a  thin  resistance  wire  (as  in 
Johnson's  transmitter),  or  a  liquid  resistance,  does  not  satisfac- 
torily accomplish  thiH  end,  though  it  mitigates  the  evil.  I  have 
found  that  the  best  method  is  to  use  a  differentially  wound  trans-, 
former.     My  coadjutor,  Mr.  Jolin,had  found,  when  experimentin 
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OD  aa  electhc  metet,  tbnt  a  double  differential  winding  on  an 
electro-magnet  enabled  bim  to  oiien  and  close  the  circuit  without 
aoy  appreciable  spark,  even  when  using  very  strong  currents. 
On  suggesting  to  him  that  a  situilar  derice  might  be  applied  to 
the  primary  coils  of  the  transformer,  the  transmitter  being  placed 
in  one  branch,  he  constructed  one,  but  found  it  expedient  to  add 
a  balancing  resistance  in  the  other  branch.     The  arrangement  is 
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rhown  in  Fig,  8,  in  which  the  system  of  circuits  is  shown.  The 
primary  circuit  is  shown  in  dotted  lines,  dividing  at  A ;  the  valve 
transmitter,  V,  being  in  one  primary,  and  a  thin  German  silver 
wire,  W,  as  a  resistance  in  the  other.  The  secondary  coil  is  in 
l)araUel  with  the  receiver.  The  electro-magnet  shown  at  M 
relates  not  to  the  transmitting  circuit  at  all,  but  to  a  peculiar 
arrangement  of  receiving  circuits,  in  which  an  electro-magnet 
(that  of  the  call-bell)  is  used  as  an  induction  plug.  It  may  be 
remarked  in  passing  that  this  differential  method  of  working  is 
applicable  to  other  transmitters;  in  particular  with  sensitively 
adjusted  transmitters,  to  which  one  must  not  speak  too  loud,  and 
which  are  affected  by  vibration  of  buildings,  the  articulation  is 
ioimensely  improved  by  its  use.  Even  the  Blake  works  excel- 
lently amongst  the  machinery  of  a  factory  when  jjrovided  with 
one  of  the  differential  transformers.  The  *'  Valve  "  telephones  are 
all  provided  with  them.  You  may  shout  as  lond  as  you  please  to 
tbe^e  instruments  without  producing  any  unpleasant  rattling 
•ound.     We  also  constructed  tJansformera  having  closed  magnetic 
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circuits,  but  found  that  the  increased  labour  of  manufacttire 
outweighed  the  advantage,  A  transformer  very  similar  to  that 
used  in  the  Blake  telephone,  bat  with  slightly  more  primary  wire, 
has  been  found  superior  to  the  larger  transformers  used  by  the 
General  Post  Office  in  their  Gower-Kell  telephones.  In 
transformers  for  telephonic  purposes,  it  is  desirable  to  have 
each  an  arrangement  as  shall  give  maximum  mutual  induc- 
tion with  minimum  self-induction.  As  induction-coils  are  usually 
constructed,  it  would  appear  that  when  the  size  is  increased  the 
mutual  induction  does  not  increase  proportionally.  At  any  rate, 
two  small  ordinary  induction-coils,  having  their  primaries  united 
in  parallel  and  their  secondaries  in  aeries,  give  a  better  result  than 
the  same  of  wires  made  up  in  one  single  induction-coil  of  similar 
form.  Possibly  Mr.  Langdon-Davies's  phonopore  may  eventually 
prove  the  best  transformer  for  telephonic  work. 

KECEIVERa. 

In  the  course  of  my  work  many  devices  for  the  improvement 
of  receiving  instruments  have  been  tried.  To  place  the  subject  in 
a  clearer  light,  I  here  append  a  systematic  table  of  the  various 

classes  and  genera  of  receiving  inatruments. 


Classification  of  Receivers. 


I.  Electro-magnetic  Force. 

1.  Magnetic  expansion 

2.  Electro-magnet  with  armature  ... 


3.  Two  electro-magnets  attracting 

4.  Electro-magnet  itself  vibrating... 

5.  Electro-magnet  altering  friction 

6.  Solenoid  and  magnet     ... 

7.  Two  coils  attracting  or  repelling 

8.  Deflexion  of  needle  by  coil 

9.  Pivoted     armature     near    field- 

magnet...         ,,,         ,.•         ... 


Reis. 

Reia,  Yeates,Varley, 
Gray,  Bell,  Mac- 
donough,  etc. 

C.  &  L.  Wray. 

Theiler. 

Dolbear,  Cooke. 

Bell,  Siemens. 

Vail,  Taylor. 

Bidwell. 
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Classification  of  Receh-ers — continwi. 

10.  Magnetic  repulsion 

11.  Two  parallel  wires  

II.  Elrfdrostali.c  F<yret. 

1.  Air-condeiiser  attraction 


I '2.  Air-sound  from  alteration  of  sur- 
face-density of  charge... 
3.  Electrostatic  repulsion   ... 
in.  EUctro-capUlari/  Farce      

I   IV.  Tribo-eledric  Force. 
1.  Physiological  (increaseof  friction) 
2.  Moist  chalk  against  metal   (de- 
crease of  friction ) 
V.  Microphonia:  Conl'ict  ItfputsioH    ... 
VI.  Tfienital  Expansion. 
1.  Expansion  of  wire  by  heat 
2.  Glow-lamp 

VII.  CrookeB'  Tithe  

H'ln.  Crookea'  Layer        


M 


i 


Wright,   \'arley, 
Dolbear. 


A.  Breguet. 

Gray. 

Edison. 
Berliner,  Hughes. 

Preece. 

Dolbear. 
Dolbear. 


With  the  eiception  of  the  discovery  that  a  Crookea'  layer 
between  a  "  spheroidal "  drop  and  the  plate  below  it  can  act  as  a 
:eiver,  and  that  a  receiver  can  be  made  to  work  (feebly)  on  the 
dnciple  of  electrostatic  repulsion,  the  only  work  that  I  have  to 
mention  relates  to  receivers  of  the  first  class — those  in  which  the 
electric  current  produces  the  motion  by  means  of  the  magnetic 
force  which  it  exerts.  Upon  the  table  here  I  have  several  instru- 
ents  based  on  the  principle  of  magnetic  expansion.  They  nil 
■quire  stronger  currents  than  the  ordinary  receivers.  Messrs. 
Alabaster  and  Gatehouse  have  worked  in  this  direction  also  with 
some  sncoesa.  Nest  I  exhibit  a  modification  of  Bell's  membrane 
electro-magnetic  receiver,  in  which  the  form  given  to  the  electro- 
ma^et  is  the  one  found  to  be  the  best  for  the  attraction  of  the 
small  disc-annature,  about  the  size  of  the  thumb-nait.  The  coU 
'fB  surrounded  (Fig.  9)  by  a  circular  pole-piece,  cut  away  at  one 
int  to  hinder  eddy-currenis;  this  outer  pole-piece  being  o{ 
vot.  XVI.  5 
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opposite  polarity  to  the  central  pole-piece.  Tbe  pall  of  sach  an 
elMtro-njagnet  nptm  it^  armature  is  poweifal,  and  Taries  greatly 
witb  the  thickness  of  tbe  gap  between  the  iron  disc  aod  the  poleo. 


This  modified  rorra  of  the  membraDeous  receiver  is  an  esceedinglv 
satisfactory  instrument.  Ita  magnetiGm  requires  to  be  excited  by 
a  current  while  in  use ;  but  when  ueed  as  I  have  been  emploviug 
it,  along  with  the  "Valve"  transmitter,  it  proves  to  be  less 
sensitive  to  induction  than  most  other  instruments;  and  is  indeed 
now  in  use  on  lines  where,  with  other  instniments,  conversation 
was  impossible,  owing  to  the  deluge  of  stray  noises. 

I  have  found  that  two  iron  wires  stretched  close  togellier 
across  a  sounding-board,  and  traversed  by  the  current,  will  answer 
as  a  receiver;  but  their  natural  note  interferes  with  the  tunes  of 
the  voice.  A  receiver  can  also  be  made  in  which  the  working 
parts  are  two  jiarallel  iron  cores  which  repel  each  other  when 
similarly  magnetised. 

But  my  attention  has  been  more  directed  of  late  to  the  object 
of  bringing  to  bear  on  the  small  scale  the  same  general  principles 
which  have  been  found  to  liold  good  on  the  larger  scale  in  the 
conetractioD  of  dynamo-machines  and  motors.     Given  a  circuit 
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to  which  the  tx&nsinitting  apparatus  has  thrown  fluctuations  of 
electro-motive  force  of  a  certain  amplitude,  the  problem  is  to 

KtiliBe  in  the  receiver  the  largest  amount  of  the  electric  energy. 
11  the  principles  that  come  into  play  in  the  electric  transmission 
'  energy  come   in   here,   but   with    certain   restrictions.     For 
example,  not  only  must  a  certain  amount  of  electric  energy  be 
transformed  into  mechanical  energy,  in  order  to  give  the  sound  of 
the  rerjuired   loudness,  but  the  mechauism  must  be  such  that  the 
organ  which  emits  the  sounds,  he  it  a  tongue  or  a  tympanum,  or 
^bsny  other  organ,  must  be  capable  of  moving  with  large  amplitudes 
^'dt  small,  with  rapid  frequciicies  or  slow,  and  must  still  in  moving 
generate  such  counter-electro-niotive  forces  as  shall  make  the  work 
utilised  a  maximum.     All  such  jirinciples  of  construction  as  apply 
in  dynamos  to  the  avoidance  of  eddy-currents,  of  needless  self- 
induction,  of  magnetic  leakage,  and  the  like,  also  apply  to  the 
receiving  telephone.     There  is  a  conductor  which  carries  a  current, 
there  is  a  magnetic  field  in  which  the  conductor  ties.     Either  the 
conductor,  or  else  the  field-magnet  or  some  part  of  it,  must  move, 
and  it  is  desired  to  make  their  mutual  reaction  as  great  as  possible. 
If  the  coil  is  to  move  it  must  be  placed  in  the  strongest  possible 
field,  and  so  placed  that  its  minimum  motion  shall  alter  by  a 
maximum  amount  the  total  magnetic  induction  through  it.     The 
iron  or  steel  should  be  arranged  so  that  the  magnetic  circuit  which 
they  form  should  be  as  nearly  closed  on  itself  as  possible.     By  the 
light  of  dynamo  principles  it  is  simply  absurd  to  construct  a 
receiver  in  which  one  pole  of  the  magnet  is  far  away  irom  the 
working  parts.     Furthermore,  just  as  in  every  dynamo  and  motor 
Ihere  is  a  gap  or  gaps  in  the  magnetic  circuit  where  the  working 
coils  are  situated,  so  in  telephonic  receivers  there  are  gaps  in  the 
magnetic  circiiits,  and  it  is  there  that  the  working  coils  should  be 
sitoated.     Take  any  one  of  the  modern  improved  receivers — those 
of  Siemens,  Gower,  Ader,  d'/Vrsonval,  Ochorowicz — ^their  magnetic 
■ircoit  is  all  but.  closed,  and  the  coils  are  at  the  gaps.     It  is  there 
that  their  cnn^ents  in  passing  through  a  given  fluctuation  will 
produce  the  greatest  effect  on  the  magnetism  of  the  magnetic 
circuit,  and  therefore  on  the  attraction  between  the  two  parts. 
The  current  must  he  brought  to  bear,  so  to  speak,  upon  a  loosfc- 
joint  in  the  magnetic  circuit. 
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There  la  another  matter  in  which  our  present  knowledge  is 
very  imperfect.  It  is  found  that  in  every  receiver  (even  the 
electrostatic  ones  too)  there  must  be  an  initial  force  exerted  upon 
the  vibrating  part,  be  it  tongue  or  tympanum,  or  any  other  kind. 
A  mere  uuexcited  electro-magnet  placed  behind  an  iron  diaphragm 
is  practically  useless  to  receive  alternating  currents  from  the 
secondar}'  coil  of  a  transformer.  It  does  not  speak  out  until  its 
core  has  received  an  initial  magnetism  cither  from  an  initial 
current  or  from  an  auxiliary  magnet,  permanent  or  temporary. 
No  doubt  a  portion  of  this  effect  is  purely  mechanical,  for  the 
same  reason  that  an  acoustic  telephone  does  not  speak  properly 
unless  the  line  between  its  two  tympanums  is  taut.  Moreover, 
as  Mr.  Giltay  has  shown,  a  non-polariaed  core,  excited  by  an 
alternating  current,  would  give  rise  to  double  the  proper  number 
of  vibrations — would  raise  the  pitch  an  octave.  But  there  is 
more  than  this,  and  it  requires  farther  investigation.  Consider 
the  diagram  (Fig.  lOX  which  represents  a  cycle  of  magnetising 


operations  such  as  we  have  become  lamiliar  with  from  the  researches 
of  Dr.  J.  Hopkinson  and  of  Professor  Ewing.  We  know  that  if 
ire  first  of  all  decrease  the  magnetising  current  b;  a  certain 
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ouDt,  St,  and  then  increase  it  again  by  an  e'jual  amount,  we 
sliaJl  carry  the  magnelism  ilown  and  up  again  along  a  small  cycle. 
Three  complete  smalt  cycles  are  represented  in  the  figure.  Now 
me  would  liave  expected  that  one  would  get  the  greatest  variation 

magnetism  for  a  given  variation  of  current  at  that  part  of  the 
diagram  where  the  curves  are  steepest,  where  the  ratio  SM  /  hi 
is  greatest.  That  is  to  say,  one  would  expect  the  iron  core  to  be 
most  sensitive  to  current  fluctuations  when  there  was  no  initial 
magnetism,  and  least  sensitive  when  there  was  great  initial 
magnetisation.  But  experience,  not  with  telephone  receiver 
only,  but  with  polarised  relays,  tells  us  that  this  is  not  true 
where  time  comes  into  account,  and  that  if  we  make  the  current 
fluctuate  rapidbj,  we  get  the  greatest  magnetic  fluctuations  when 
there  is  some  initial  magnetisation.  Some  experiments  of  mine 
now  in  progress  go  to  show  that  the  "sensitiveness"  of  the  iron 
core  in  crease  ri  with  an  increase  of  initial  magnetisation,  at  first 
slowly,  then  more  rapidly,  and  has  not  attained  a  maximum  even 
Though  the  magnetisation  be  pushed  far  beyond  the  bend  of  the 
curve  of  magnetisation.  But  there  are  some  obscure  contradictory 
facts  still  re'iuiring  explanation.  In  view  of  the  fact  that  an 
initial  magnetisation  is  needful  to  make  a  receiver  respond 
properly,  it  appears  to  me  that  an  absurd  amount  of  importance 
ha*  been  attached  to  the  disputed  discovery  that  a  permanent 
magnet  might  provide  this  initial  magnetisation  instead  of  a 
permanent  current.  No  doubt  it  was  surprising  to  team  that  a 
Iransmitter  could  transmit  without  employing  a  battery ;  but  as 
this  method  of  transmitting  has  been  practically  abandoned,  the 
imjtortance   of  the   discovery   vanishes   with   it.      There   is   no 

elty  whatever  in  osing  a  mere  polarised  receiver. 

It  now  only  remains  for  me  to  describe  briefly  three  forms 

receiving   instruments    in   which   some   of    these   ideas    are 

bodied.  Eiamples  of  most  of  them  are  on  the  table,  and 
ey  are  illustrated  hy  the  remaining  figures. 

Fig.  1 1  shows  a  form  of  instrument  named  a  "  Spring " 
:eiver.     It  is  based  upon   the  early  form  of  C.  and  L,  Wray, 

which  two  electro-magnet  cores  attract  one  another,  and  ao 
Tmpart   motion   to   a   sounding-board.     In   my   inatTlimeiA  Wift 
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Bountling-board  is  replaced  by  a  flat  spring,  P,  of  mica,  ebonite, 
or  some  non-mBgnetic  metal,  to  wliidi  are  attached  the  two 
working  cores  C,  C.     Thesp  form  jwirt  of  the  magnetic  circuit  of 


an  external  magnet,  N  S,  and  the  working  coil,  E,  is  placed  over 
the  gap  in  the  magnetic  circuit.  Iron  or  steel,  if  uaed  for  tlii* 
spring,  would  Bjioil  the  action,  as  it  would  short-circuit  the 
magnetism.  This  receiver  works  extremely  well  ou  induction 
circuits.  An  important  point  in  its  design  is  that  the  centre  of 
the  spring,  which  will  have  the  greatest  amplitude  of  motion 
and  is  most  active  in  imparting  sound  to  the  air,  is  not  under 
fi  peq'etuftl  magnetic  constraint  like  the  central  part  of  the  iron 
diaphragm  of  the  common  telephone  receiver. 


V\g.  12  illustrates  a  onn  of  receiver  in  whicli  the  magnet   is 
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loag  narrow  triangle  of  stei.'!,  having  the  apex  bent  round  and 
iust'rte^  in  a  circnlar  canty  cut  out  in  the  base  of  the  triangle, 
The  south  pole  (bus  surroiuids  the  north,  and  in  the  inteirening 
gap  lies  the  working  coil.  Instead  of  the  usual  iron  jilate  held 
down  all  round,  there  is  a  metal  cup,  or  dish  of  metal,  pbonite 
celluloid,  which  can  hi'  held  ovev  the  ear,  and  it  is  held  up  at 
centre  by  being  riveted  by  a  stout  iron  rivet  to  u  hhort. 
mgular  steel  spring.  Tliis  instrument,  even  in  a  crude  form, 
excellent  both  as  receiver  and  transmitter. 
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Figaree  13  and  14  relate  to  a  form  of  instrument  which  I  have 
Botored  to  term  a  "  Dynamo-telephone^'  inabniuch  as  the  action 
of  these  inrtruments  is  directly  taken  from  that  of  the  modem 
dynamo.  The  jmrts  are  distinctly  differentiated  into  a  field- 
magnet,  which  stands  still  and  furnishes  an  intense  magnetic 
field,  and  an  armature  whose  coils  are  traversed  by  the  working 
currents.  The  maiu  jxiint  of  difference  is  that,  whereas  in  the 
dynamo-electric  machine,  whether  used  as  generator  or  as  motor, 
I  be  armature  rotates,  in  the  dynamo-telephone,  whether  used  as 
transmitter  or  receiver,  the  armature  merely  vibrates,  being 
pivoted  elasticallj.  It  is  represented  in  the  drawings  as  being 
connected  to  adiaphrugoi,  D.  Of  other  forms  of  instrument  which 
are  not  yet  out  of  the  laboratory  stage,  I  must  not  speak. 
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In  conclusion,  I  would  I'eiterate  my  conviction  that  the 
BQCcess  of  long-range  telephony  depends  upon  the  possibility  of 
devieing  instruments  which,  on  the  one  hand,  can  be  used  with 
higher  battery  power  to  transmit  stronger  currents,  and  which,  on 
the  other  hand,  will  be  adapted  to  receive  these  curreuts  by  means 
of  apparatus  which,  though  not  necessarily  more  sensitive  to  small 
currents  than  the  present  receivers,  will  have  a  higher  electrical 
and  mechanical  etEciency.  And  I  am  convinced  that  the  path  of 
progress  lies  very  near  the  road  already  travelled  by  those  who 
have  perfected  the  existing  machinery  for  the  electric  trans- 
miasion  of  power. 


ThB  The  President:  There  is  still  time  left  for  some  discussion 

Frtil^ent 

Upon  this  interesting  jia]ier,  and  I  should  like  to  hear  any  views 
which  may  be  expressed.  Sir.  Preece,  have  you  anything  to 
suggest  upon  the  paper  ? 
Mr.  Ptcecc.  Mr.  W.  H.  Pbeece  :  I  was  in  very  sincere  hopes  that  the 
minute  baud  of  the  clock  would  have  progressed  a  little  further, 
so  that  the  discussion  might  be  postponed  to  the  next  meeting. 
I  have  a  good  deal  to  say  on  this  subject,  and  a  good  deal  to  say, 
I  am  afraid,  that  will  not  he  very  flattering  or  altogether  satis- 
factory to  Professor  Silvanus  Thompson.  But  he  has  himself 
mther  courted  that  "  pure  atmosphere  of  criticism  "  which  we  all 
breathe  in  this  room,  and  if  I  do  find  fault,  with  what  he  says, 
I  hope  he  will  attribute  to  me  the  very  sincerest  wishes  to  put 
him  on  the  right  path,  and  to  enable  him  to  surmount  what  he 
has  been  trying  for  some  years  with  so  much  energy  to  do.  I 
think  it  right  to  say  at  once  that  I  utterly  and  totally  dissent 
from  nearly  all  his  conclusions.  He  says  that  his  conviction  is 
that  the  question  of  long-range  telephony  is  to  be  solved  by 
obtaining  the  means  or  power  to  transmit  stronger  currents,  and 
to  use  receivers  of  less  delicacy,  than  those  in  use  at  the  present 
moment.  Now,  I  have  said  in  this  room  before,  and  as  Professor 
Thompson  has  reiterated  his  conviction,  I  will,  in  the  very 
strongest  langu.ige  that  I  can  use,  reiterate  mine — not  as  a  matter 
of  opinion,  but  as  a  matter  of  fact — that  the  difficulty  in  speak- 
ing to  long  distances  is  not  a  question  of  apijaratus  at  all :  it  ia 
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simply  a  question  of  the  environmeat  of  the  wire.  On  the  iaat*''-^"" 
oceasioQ  when  the  subject  of  long-iiistauue  telephony  was  dis- 
cussed ia  this  room,  Jlr.  Van  Hysselberghe  himself  stated  that  he 
liad  succee<led  in  talking  between  New  York  and  Chicago,  a 
distBOce  of  nearly  1,00U  miles,  on  a  line  composed  of  a  thick 
fopper  wire.  On  that  oticasion  I  narrated  in  this  room  a  great 
many  experimeuts  that  were  made  in  long-distance  speaking. 
For  the  Wt  ten  years  I  have  been  incessantly  experimenting 
ia  this  ilirectton.  There  is  not  a  line  in  this  country  upon  which 
I  have  not  tried  to  speak ;  there  is  not  an  instrument  that  has 
been  brought  to  this  country  that  I  have  not  tried,  or  scai^cely 
any  one  (those  shown  to-night  I  have  not  seen  before) ;  but  the 
resalt  of  my  experience  on  long  lines,  in  America,  in  England, 
and  on  the  Continent,  is,  that  long-distance  speaking  can  only  be 
attained  when  a  line  is  free  from  electrostatic  and  electro- 
nia^etic  induction.  It  happens  that  only  within  the  last  few 
days  (I  think  this  day  week)  I  was  at  Worcester,  Through 
,t  town  there  jiasiies  a  new  line  of  telegraph,  consisting  of  four 
lHJer  wires  weighing  each  150  lbs.  to.  the  mile,  giving  an 
average  reeisLante  of  a  little  less  than  6  ohms — I  think  5'72  ia 
e  correct  iigiire.  That  line  entirely,  excepting  for  about  a 
oarter  of  a  mile  near  Oreat  Missenden  and  three-quarters  of  a 
mile  at  Aylesbury,  is  aeirarated  from  any  other  telegraphic  line, 
and  the  result  is  that  between  Ixindon  and  Nevin,  on  the  north- 
west coast  of  Wales,  we  have  a  line  270  miles  long  through  which 
«  can  Kpeak  with  far  more  distinctness  and  far  more  loudness 
d  cleometis  than  we  can  between  London  and  Westininster.  I 
at  Worcester ;  at  Nevin  there  was  one  of  our  officers,  Mr.  M. 
'Conper ;  and  at  ilanwell,  near  London,  Mr.  W.  Brown ;  and, 
although  we  were  separaled  hy  a  distance  of  over  100  miles  on 
the  one  hand,  and  over  16U  miles  on  the  other,  we  tliree  carried 
conversation  and  spoke  to  each  other  as  clearly  and  distinctly 
though  we  had  been  in  the  same  room.  The  sibilant  sounds, 
to  which  Professor  Thomjieon  referred,  came  out  absolutely  and 
.utifully  clear,  and  whistling  was  simply  transmitted  to  perfec- 
loa ;  in  fact,  it  seemed  as  if  ilr.  Couper's  whistling  at  Nevin, 
early  100  miles  off,  came  from  the  box  in  wluch  I  was  listening. 
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That  Piperimeut  sliowed  that,  given  n  line  free  from  induc- 
tion and  free  from  diat urban ces,  the  commonei-t  iDstnimeiit  that 
Las  been  produced  would  speak  a.s  well  on  ii  long  as  on  a  short. 
circuit  J  and,  in  fact,  laat  Saturday  morning  I  repeated  the 
ejperiinent  from  London  with  the  very  original  Bell  telephone 
that  I  brought  over  with  me  from  America  in  1877, — the  original 
bos  form  described  in  Bell's  patent, — and  with  that  instrument  I 
was  able  to  speak  as  effectively  aa  with  any  other.  It  was  thus 
shown  unmistakably  that  the  clearaeas  of  speech  which  was 
conducted  was  simply  due  to  the  absence  of  any  disturbance ;  for 
the  moment  the  wires  were  put  on  to  any  other  line,  only  a 
quai'ter-mile  or  half-mile  in  length,  where  disturbances  became 
evident,  then  Bpeech  was  impossible,  and  it  was  immaterial  on 
which  wires  we  tried  to  speak — all  were  alike.  It  was  perfectly 
evident  that,  while  when  eveiything  was  clear,  speech  was 
possible,  if  any  one  wire  on  the  line  had  been  used  for  telegraphic 
parposes,  speech  would  ha\'e  broken  down  at  oui'e.  Therefore,  I 
say,  from  that  experiment,  and  from  tliousande  and  thousands  of 
others,  that  the  only  difficulty  to  long-distance  speaking  is  that 
of  the  environment  of  the  wires,  not  of  the  api>amtus  itself. 

The  next  objection  that  1  raise  to  Professor  Thompson's  iiapra-, 
is  that  he  rather  carries  too  far  that  which,  for  want  of  a  better 
name,  I  call  the  perversion  of  history.  I  think  it  is  unjust  and 
ungenerous  to  bracket  in  the  i^ome  category  the  names  ofVarley 
and  C.  and  L.  \\'ray  with  those  of  Graham  Bell  and  Edison,  The 
apiMiratns  of  Keiss,  of  Varley,  and  of  W'ray  was  intimately  known 
to  all  those  who  took  interest  in  telegraphy.  It  was  exhibited  at 
our  Eoii'^es.  The  Keiss  telephone  was  shown  at  a  soiree  we  held, 
I  think,  at  South  Kensington,  and  it  was  shown  at  the  Loan 
Exhibition  of  1876 ;  and  in  1876  there  was  not  a  single  man  in 
England  who  had  heard  of  the  possibility  or  the  practicability  of 
transmitting  speech  through  a  wire,  or  even  beheved  that  it  was 
possible  to  do  so.  Sir  WOliam  Thomson  brought  the  first  news 
over  to  England.  Kumour  reached  here  that  a  young  Scotohman 
had  succeeded  in  transmitting  the  voice  to  a  distance  of  16  or  17 
miles,  but  nobody  believed  it ;  and  I  was  so  sceptical  about  it 
myself,  that  I  went  over  to  America  iu  the  early  part  of  1871, 
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determined  to  expose  the  fhiad  that  was  being,  as  I  imagined,  *"■  '*'' 

rpetrateii  utxiti  the  scientitic  community.     I  made  an  appoint^ 

ent  with  Professor  Bell  at  the  Fifth  Avenae  Hotel,  and  I  went 

iJiere  believing  that  in  ten  minutes  I  should  seethe  fallacy  of  the 

ing;  bat  in  five  minutes,  half  the  time,  ProfeBsor  Bell  con^'inced 

e  that  he  had  transmitted  speech,  and  that  he  had  made  a  real 

.nd  tme  invention.     Therefore,  seeing  that  the  practical  speaking 

telephone  was  produced  by  the  exertions  of  Professor  Bell,  Mr. 

ison,  and  Professor  Hughes  (who  ia  here  to  protect  himself, 

and  I  am  sure  he  will;,  I  say  that  it  is  unfaii-,  ungenerous,  and 

uDJUct  to  pervert  history  by  classif\-ing  men  who  have  made  such 

a  tremendous  stride  with  men  who  odIv  jilayed  with  a  toy. 

Again,  Mr.  Van  Rysselberghe  has  been  roughly  handled  by 
'rofessor  Thompson,  who  claasifted  him  with  Black  and  Eosebragh 
in  his  efforts  to  obtain  loug-distauce  spealdug.  It  was  not  to 
obtain  long-distance  speaking  that  \'an  Rysselberghe  took  up 
this  subject,  bat  by  his  work,  which  is  deserving  of  approbation, 
be  showed  how  it  was  possible  so  to  tone  down  the  disturbances 
on  telephones  arising  fiom  induction  between  wire  and  wire  as  to 
render  it  possible  to  utilise  telegraph  wires  for  telephonic  pur^ 
poses.  His  invention  was  a  mode  by  which  it  was  possible  to 
nuke  use  of  two  wires  between  Brussels  and  Antweri)  for  telephone 
as  well  as  telegraph  pui-poses,  and  I  say  that  Van  Rysselberghe 
made  a  great  invention  :  he  brought  it  before  us  here,  in  a  way 
I  bat  we  all  Bdmired  very  much,  and  the  least  we  can  do  is  to 
express  our  ideas  of  the  amount  of  credit  that  is  due  to  him. 

I  ho[)e  soon  to  say  something  pleasant  to  Professor  Thompson, 
bat  there  is  yet  another  thing  in  which  I  must  6nd  a  little  fault, 
and  that  is  in  a  direction  in  which  he  is  not  the  only  culprit — he 
is  so  fond  of  introducing  new  terms.  Eiery  man  in  this  room 
knowa  that  an  inductiou-coii  is  part  and  parcel  of  telephonic 
apparatus,  and  why  on  earth,  then,  does  Professor  Thompson  call 
it  a  transformer?  The  term  "transformer "  was  introduced  by 
Ziperaowaki  to  express  that  which  other  people  call  a  secondary 
gen«;rator.  It  never  to  my  knowledge  has  before  been  used  for  a 
^^^ephone — "  induction-coil "  is  a  \-ery  much  better  term.  But 
^Hkptaia  Cardew,  who  will  probably  be  here  on  tUe  nest  occasvotv. 
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ir.Fneet.  will  show US  how he  aticceeded  intliBpensing  with  a  "transformer" 
altogether.  1  have  been  trying  some  experiments  for  him.  I 
will  not  detract  from  the  merit  that  may  be  due  to  him.  he  shall 
bring  the  subject  before  ub  himself  j  or,  if  he  is  not  here  on  the 
nejit  occasion,  he  shall  write  a  paper,  or  I  will  do  it  for  him,  and 
we  will  see  how  it  is  possible  to  dispense  with  the  transfonner  In 
ita  present  form. 

There  is  another  ymii.  of  the  paper  in  which  Professor  Thompson 
used  poetic  language,  and  said,  "Think  of  the  utter  fatuity  of  the 
dictum  that  a  transmitter  cannot  transmit  unless  the  contact  sub- 
stances are  'semi-conductora.'"  He  is  not  pleased  with  the  term 
"semi-conductor,"  but  what  does  he  call  it  a  little  further  on? — a 
"  quasi-metalUc  conductor."  What  U  the  difference  between  a 
semi-conductor  and  a  (|uusi-met!dlic  conductor?  A  semi-con- 
ductor is  something  we  know  and  understand  very  well,  and  I 
think  we  shall  continue  ta  use  it,  although  perhaps  it  is  not  the 
very  best  term  that  might  have  been  adopted. 

I  will  not  individualise  Professor  Thompson,  but  I  will  bring 
within  one  broad  stricture  nearly  everybody  who  attempts  to 
make  improvements,  not  only  in  telephonic  apparatus  but  in  all 
other  apparatus.  They  raise  imaginary  difficulties,  and  then 
devise  the  means  of  overcoming  them.  In  all  that  has  been  said 
about  the  transmitters  before  us  this  evening,  I  have  not  listened 
to  one  single  sentence  that  I  regard  as  true.  The  objections  that 
are  raised  to  the  carbon  transmitters  are  imaginary  objections, 
and  what  has  Professor  Thompson  himself  done  but  come  back  to 
a  carbon  microphone  ?  In  his  valve  telephone  and  in  that  trans- 
mitter which  is  to  contain  so  many  hundred  or  thousand  pieces  of 
carbon,  nothing  else  exists  but  a  microphone  in  some  shape  or 
another.  The  problem  that  Professor  Thompson  put  before 
himself  to  solve,  was  not  the  removal  of  imaginary  difficulties 
in  the  working  of  telephonic  apparatus,  but  to  avoid  the  patents 
held  by  the  United  Telephone  Company.  I  wish  he  had  suc- 
ceeded. I  wish  anybody  could  succeed.  I  am,  as  you  all  know, 
no  great  believer  in  a  monopoly  of  any  sort  or  kind.  8ame 
members  laugh  at  this  remark,  because  no  doubt  they  look  upon 
the  Government  control  of  the  telegraphs  in  this  country  as  a 
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monopoly.     It  is  not,  it  never  was,  and  it  never  will  be ;  anybody  ^-  ^"""^ 

can  invent  his  own  telegraph,  and  if  it  is  a  good  one  it  will  be 

adopted  and  paid  for.     But,  unfortunately,  in   this  country  the 

telephone  has  become  a  rather  unpleasant  monopoly.     However, 

that  is  not  the  question,  it  is  this — when  a  man  by  scientific 

irk,  by  labour,  or  perhaps  by  accident,  succeeds  in  bringing  out 

good  thing  and  in   getting  it   patented,  it   becomes  his  own 

pro]>erty;  and  a  man  who  deliberately  sets  to  work  to  aci|aire  that 

property  does  almost  exactly  the  same  thing  as  I  should  do  if  I 

were  to  set  to  work  to  deliberately  secure  Sir'Edward  Guinness' 

ij8,000,000  which  he  received  for  the  purchase  of  hia  brewery. 

The  telephone  is  a  personal  property,  and  I  think  that  we  who 

patent,  and  who  place  a  value  upon  our  patents,  are  in  honour 

hound  to  do  something  to  support  the  principle  I  have  pointed 

out.     On  the  other  hand,  if  an  idt-a  only  is  given  to  a  mau,  and 

one  sees  another  particular  way  of  doing  the  same  thing,  why 

liien,  perhaps,  there  is  not  much  harm  in  taking  a  patent  out  for 

it,  provided  you  pay  due  regard   to  the  other  man's  property. 

But  I  do  not  like  the  persistent  way  in  which  some  people  set  to 

work,  especially  in  America,  to  try  and  undermine  a  patent  that 

really  a  very  good  property,  and  which  will  in  the  course  of 

ree  or  four  years  be  everybody's  property.     Ho  much  for  finding 

ult. 

I  must  say  a  word  in  praise  of  the  way  in  which  the  paper 

has  been  put  together ;  but  as  I  have  made  so  many  experiments 

^mia  this  direction,  and  as  I  have  some  little  things  that  I  should 

^^Eke  to  bring  before  the  Society,  perhaps  I  may  be  allowed  to 

HBpommence  the  discussion  at  the  next  meeting,  as  time  is  so  short 

now,  and  I  will  not  occupy  the  meeting  more  than  a  quarter  of 

hour. 


tf- 
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The  Phesident:  Then  we  will  adjourn  the  continuation  of  this 
discassion  until  the  next  meeting,  which  will  be  held  on 
February  tOth. 


A  hearty  vote  of  thanks  was,  on  the  motion  of  the  President, 
accorded  to  Professor  Thompson  for  his  jiaper. 


A 
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A  ballot  took  place,  at  wliich  the  following  irere  elected : — 

Foreifjn  Members: 


Jules  Carpentier. 
GuBtave  Cabanellas. 


Ludvig  Jensen. 

Captain  G.  C.  WaBBtnaon. 


Asaoeiatea : 
Francis  Anderson  Harris.      |  Robert  Cla;  Jones. 

Gilbert  Scott  Ram. 

Sttuienta : 
Alfred  HewBon  Bate.  |  Edward  Wythe  Smith. 

Thomas  'ft'hittow. 
The  meeting  then  adjourned. 
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be  One  Hundred  and  Sixty-second  Ordinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Ci^-il  Engineers, 
25,  Great  George  Street,  WeBtiimjBter,  on  Thursday  evening, 
February  10th,  1887— Sir  Charles  T.  Bright,  M.  Inat.  C.E., 
President,  in  the  Ch&ir. 

The  minuteB  of  the  previous  meeting  were  read  and  confirmed. 

The  nameB   of  new  candidates  for  election  were  announced 
id  ordered  to  be  suspended. 

lie    following    transfer    was    annouuced    as     Laving    been 
Bved  by  the  Council : — 

From  the  class  of  Students  to  that  of  Associates — 
Frank  Hughe  Bocquet. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  the  Indian  Telegraph 
Department ;  Mr.  Gerhardi,  Dr.  J.  Hopkinson,  and  Mr.  E.  von 
Fischer  Treuenfeld,  Members ;  to  all  of  whom  a  hearty  vote  of 
1  hanks  was  accorded. 

The  President:  Gentlemen, — At  the  meeting  before  last  it 
■■vil!  be  remembered  that  a  vote  of  condolence  was  proposed  to 
■  be  widow  of  our  late  Vice-President  and  Honorary  Secretary, 
Sir  Francis  Bolton,  and  it  has  become  our  duty  to  elect  a  Vice- 
President  in  his  place.  That  duty  baa  been  performed  to-day, 
mid  I  iiave  to  report  that  the  result  of  the  Council  vote  by  ballot 
IJive  the  selection  to  Professor  \V.  E,  Ayrton,  F.R.S.,  Member  of 
'.'uuncil.  To  fill  the  \'acancy  among  the  ordinary  Members  of 
'.'oimcil  thus  caused,  a  further  Council  ballot  took  place,  when 
I'rofesBor  A.  W.  Riicker,  F.R.S.,  was  duly  elected, 

(My  next   duty  is  a  very   sad  and   mournful  one ;    it   is  to 
nnnounce  that  which  probably  some  of  you  may  not  have  heard 
L    if— the  death  (which  took  place  on  Tuesday,  February  1st)  of  our 
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Society,  Li  eat. -Colonel  Sir  Joha  Uuderwooil  Bate  man-Cham  pain, 
R.E,,  K.C.M.G.  I  am  sure  that  all  those  who  remember  the 
time  of  his  presidency  of  the  Society  in  1879,  when  the  Interna- 
tional Telegraph  Conference  of  delegates  from  every  part  of  the 
ciWlised  world  vns  held  in  London, cannot  forget  the  semce  which 
he  then  rendered  to  the  Society.  All  who  knew  him — and  it  was 
my  good  fortune  to  know  him  intimately — will  remember  him  as 
always  showing  the  kindness  and  geniahty  of  a  tme  friend,  and 
as  one  who  also  had  a  thorough  appreciation  of  the  word  "duty." 
It  may  not  h<?  generally  known,  but  he  was  one  of  the  most 
gallant  officers  even  in  the  distinguished  branch  of  the  service  to 
which  he  belonged.  He  entered  the  Bengal  Engineers — since 
amalgamated  with  the  Royal  Engineers — in  June,  1853.  It 
was  not  many  years  before  the  Indian  Mutiny  broke  out,  and 
I  can  tell  you  that  he  became  celebrated,  like  his  senior 
officer,  Colonel  Patrick  Stewart,  and  was  very  soon  well  known  as 
an  officer  of  the  highei-t  consideration  in  the  serrice.  After 
having  served  at  Agra,  Delhi,  and  Cawnpore  with  the  very 
greatest  distinction,  he  waa  twice  thanked  in  General  Orders  by 
Sir  Robert  \apier  and  by  G-eneral  Barnard.  In  other  words,  he 
did  his  duty — did  it  well ;  and  there  was  never  a  better  officer  or 
a  more  perfect  gentleman,  aana  ptiir  et  saris  reproche,  than  Sir 
J.  U.  Bat  em  an -Cham  pain.  He  was  afterwards  executive  engineer 
at  Lucknow,  until  ordered  to  Persia  in  1862  as  assistant  to 
Colonel  Patrick  Stewart,  whom  he  accompanied  over  the  pro- 
posed line  of  land  telegraph  to  be  constructed  for  the  Govern- 
ment of  India  through  Persia.  I  first  met  him  during  the  laying 
of  the  Persian  Gulf  Submarine  Cable  in  1864,  at  Bushire  io 
Persia,  and  we  were  together  a  great  deal.  After  Colonel 
Stewart's  lamented  death  in  Constantinople,  which  occurred 
soon  after  I  parted  with  him.  Colonel  Champaiu  was  appointed 
temporary  Director  in  charge  of  the  Indo-European  line.  Later, 
Sir  Frederick  GoldsmiJ  was  appointed  Director-General.  In 
1873,  when  Sir  Frederick  Goldsmid  was  appointed  by  the 
Government  to  be  Commissioner  for  the  settlement  of  the 
frontier  between  Persia  and  Afghanistan,  and  between  Persia 
and   Beloochistan  (compelling   him  to  give  up  his  telegrapliic 
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sppointmeat),  Colonel  Champain  became  the  Director-General 
of  the  line.  That  post  be  continued  to  fill  until  hia  deplorable 
death  at  San  Kemo  last  week.  It  ia  hardly  necesaarj'  to  say  more 
as  to  his  excellent  qualities  and  the  kindness  he  always  showed, 
not  only  to  his  friends,  but  to  those  under  him,  and  I  now 
propose — "That  the  Preaidenl,  Council,  and  Members  of  the 
Society  of  Telegraph-Engineers  and  Electricians  desire  hereby  to 
record  their  profound  regret  at  the  decease  of  Colonel  Sir  John 
Underwood  Bateman-Champain,  R.E.,  K.C.M.G.,  their  dis- 
tinguished and  mneh-eateemed  Past- President ;  and  they  further 
desire  to  offer  to  Lady  Batetnan-Champain  the  expression  of  their 
deep  sympathy  with  her  in  her  bereavement." 

Major-Generai  C  E.  Weiibek,  C.B.  :  Having  been  called 
upon  to  do  so  by  the  President,  I  will,  iu  a  few  words, 
second  the  resolution  which  has  just  been  moved.  There  are 
w  of  ua  who  knew  him  who  remember  Colonel  Champain 
ithout  great  affection,  and  therefore  the  lask  ia  one  which  one 
dertakes  with  considerable  feeling.  I  will  only  recall  to  yonr 
memory  the  night  when  he  sat  for  the  first  time  in  that  [pointing 
to  the  Presidenliaf}  chair  as  our  President,  and  when,  in  a  way 
which  we  shall  never  forget,  he  diaclaimed  all  personal  claim  to 
the  honour  which  had  been  conferred  uiton  him.  He  showed 
lugh  his  life  a  modesty  which  was  only  equalled  by  his 
y,  and  be  has  left,  behind  fiim  a  respect  which  reaches  far 
d  the  shores  of  this  country.  He  was  one  of  those  bright 
examples  of  the  officers  whom  (we  may  say)  we  inherited  from 
e  service  of  the  East  India  Company — a  band  of  men  who 
irought  England's  name  to  be  honoured  in  the  government  of  that 
:rent  coiinlry.  His  associating  his  militaiy  duties  as  an  engineer 
ith  his  high  civil  position  brought  iiim  into  that  place  which  has 
to  our  this  day  deeply  regretting  the  loss  to  his  country  and 
OUT  Society  of  so  distinguished  and  honourable  a  man.  I  beg 
to  second  the  proposal  of  our  President  that  the  hearty  condolence 
of  this  Society  should  be  conveyed  to  bis  widow  and  family. 
The  motion  was  carried  unanimously, 

3'he  adjourned  discussion  on  Professor  Silvauus  Thompson  b 
per  on  "  Telephonic  Investigations  "  was  then  resumed. 
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ib.PMeM.  Mr.  W.  H.   PbeECE:  I  mentioned,  Sir,  on   tbe  last  occasion 

that,  owing  to  the  want  of  time,  I  was  not  able  to  bring  before 
the  Society  certain  experiments  and  evidence  that  would  support 
me  in  my  contention  that  Professor  S.  Thompson  waa  wrong  in 
aaserting  that  there  was  any  possibility  of  improiing  our  mode  of 
oommuni cation  by  telephone  to  great  distances  by  looking  to  t 
apparatus  and  not  by  regarding  the  wire.  The  law  that  de 
mines  the  transmission  of  currents  tluough  a  wire  to  prodai 
telejihonic  signals  is  precisely  the  same  in  every  respect  as  the 
law  that  determines  the  flow  of  currents  through  submarine 
cables,  or,  indeed,  through  any  circuit.  Tlie  experimental 
eridence  upon  which  this  law  was  determined  was  published  i 
the  report  of  a  joint  committee  appointed  by  the  Board  of 
and  hy  the  Atlantic  telegraph  compauiea  in,  I  think,  1860  or 
1861,  and  the  experiments  were  carried  out  by  Mr.  Lati; 
Ciark,  whoae  assistant  I  was  at  the  time.  I  carried  out  alt  those 
experiments  for  him,  and  I  also  had  for  days  the  advantage 
showing  and  assisting  Professor  Faraday  himself  in  carrying  oi 
certain  exiieriments  of  his  own.  Professor  Faraday  devoted 
Friday  evening  at  the  Royal  Institution  to  detail  those  eipe 
ments,  and  they  are  pubhshed  in  his  Researches.  These  expe 
menta  formed  the  basis  of  the  mathematical  development  of  tlie  law 
by  Sir  William  Thomson — which  was  produced  before  the  fioyal 
Society  in  1854,  and  published  in  1855 — who  pointed  out  that  if 
we  regard  the  current  coming  out  at  the  end  of  a  cable,  that  curreni 
can  be  represented  by  a  ciin-e.  Mr,  Hockin  subsequently  gave  a 
weriea  that  enaltled  one  to  draw  that  cuire,  but  the  curve  itself 
was  given  by  .Sir  William  Thomson.  If  we  represent  time  by 
the  abscissoe,  and  the  intensity  or  strength  of  the  current  by  the 
ordinates,  then  a  current  being  applied  at  the  sending  end  of 
cable,  a  certain  time  elapses,  called  a,  and  at  the  end  of  that 
time  the  current  appears  and  gradually  rises  until,  after  a  longer 
intenal,  it  assumes  a  maximum  ;  and  if  we  divide  the  abscissas 
into  inten'als — into  terms  of  a — then  at  any  period  the  fall  of  the 
current  can  be  shown  by  a  reverse  curve.  Tlie  whole  law  depends 
upon  a,  which  is  given  by  an  equation  cont-aining  a  constant 
that   dejiends    princiimlly  upon   the   units   used ;   on   i,  which 
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the  static  capacity  per  unit  length,  per  knot,  of  cable ;  ^-  P»«e 
by  r,  which  is  the  resistance  per  knot ;  and  by  the  square  of  the 
length  of  the  cable.  Now  that  law— which  is  known  as  Sir  Witliam 
Thomson's  law — which  is  as  true  as  Ohm's  law,  and  which  lies 
the  root  of  all  developments  of  submarine  cables,  was 
proved  to  be  tme  by  Fleeming  Jenkin,  not  only  in  its  applica- 
tion to  submarine  hnea,  but  to  land  lines,  and,  in  fact,  to  all 
circuits  ;  it  was  proved  to  be  tme  by  Cromwell  Varley  by  a  moat 
beautiful  apparatus  that  he  devised,  called  the  wave  bisector ;  and 
is  proved  true  by  every  single  cable  which  exiats  at  present  in 
le  world,  and  which,  I  may  say,  at  this  moment  adds  up  to  a 
length  of  110,000  miles ;  and  therefore  I  say  that  the  law  that 
let«rmines  the  flow  of  electricity  through  a  wire— the  law  that 
letenninea  the  number  of  ciirrentfl  that  can  be  passed  through 
wire  in  a  given  time — is  as  absolutely  exact  and  as  absolutely 
tme  as  any  other  law  that  regulates  any  portion  of  electrical  effects. 
I  want  to  call  your  especial  attention  to  one  feature  of  this  law : 
it  is  that  the  value  a  is  absolutely  independent  of  the  impressed 
electro-motive  force  at  the  sending  end  of  the  cable ;  it  is 
absolQt«1y  independent  of  the  current  itself.  Professor  Fleeming 
Jenkio  pointed  out  that  there  is  no  available  method  of  human 
ingenuity  tbat  can  enable  us  to  reduce  that  value  a,  or  that  can 
enable  us  to  send  a  greater  number  of  currents  in  a  given  time 
irongh  a  circuit  than  that  law  allows  us  to  do.  So  that  the 
nimiber  of  currents  that  pass  through  a  wire  is  uot  in  any  shape 
or  form  dependent  upon  the  electro-motive  force  starting  that 
current,  nor  is  it  in  any  shape  or  form  dependent  upon  the 
strength  of  that  current ;  and  therefore,  on  the  basis  of  the  law 
itself,  I  say  that,  it  is  absolutely  impossible,  along  a  given  length 

If  wire  or  circuit,  by  any  alteration  in  the  transmitter,  to  get  any 
reater  number  of  signab  through. 
We  happened  lately  to  have  introduced  in  the  Post  Office  a 
j-ntem  of  workiug  with  the  Del  any  multiples  telegraph  (it  is  a 
fstem  based  on  a  principle  introduced  by  Meyer  in  Vienna) ;  and 
y  that  apparatus  we  are  able  to  cut  up  a  current  into  any  number 
of  inter\"als  of  time,  and  we  are  able  to  measure  with  the  most 
irtling  accuracy  the  rate  at  which  a  current  of  electrlait^  &cra% 
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St.fmcm.  tijioiigh  a  circuit ;  and  it  is  remarkable  how  exactly  this  value  of 
a — how  exactly  the  rate  at  which  (he  current  Hows  through  a 
wire — will  give  the  distance  to  which  speaking  can  be  carried  on 
by  means  of  a  telephone.  The  number  of  experiments  in  this 
direction  that  I  have  carried  out  is  very  great,  and  it  is  a  subject 
that  has  occupied  my  time  a.  good  deal  during  the  past  two  years. 
Experiment*  have  been  made  on  a  new  road  line  running  through 
Denbam  and  Atheratone  to  Manchester  and  the  North ;  other 
experiments  have  been  made  in  South  Wales ;  many  have  been 
made  in  the  Midland  district;  others  in  the  neighbourhood  of 
Newcastle-on-Tyne ;  some  through  the  Irish  Cable ;  and  others  on 
a  new  line  of  four  copper  wires,  to  which  I  alluded  the  other 
night,  between  London  arid  the  north-west  coast.  Now  the  law 
that  determines  the  value  of  a  also  determines  the  rate  at  which 
a  current  flows ;  it  determines  the  number  of  signals  that  pass 
through  a  line  in  a  given  time,  and  therefore  gives  us  a  law  hy 
which  we  can  say  with  absolute  accuracy  to  what  distance  it  is 
possible  to  speak.  Neglecting  the  constant,  and  calling  S  the 
distance  to  which  we  can  speak,  we  take  the  total  capacity  of  a 
circuit  (K),  which  is  found  by  multiplying  the  length  of  line  by 
its  capacity  per  cnit  length,  and  the  total  resistance  (R),  wliich  is 
found  by  multiplying  the  length  of  line  by  its  resistance  per  unit ; 
and  the  result  is  that  we  get  a  law  determining  the  distance  to 
which  we  can  speak  that  is  simply  expressed  by  the  product 
K  X  R.  From  the  experiments  made,  the  result  comes  out  that 
when  the  speed  of  current  is  from  "004  to  '003  of  a  second,  speak- 
ing is  barely  possible ;  if  it  is  from  '003  to  '002  of  a  second,  it  is 
fair ;  if  it  is  from  -002  to  -001,  it  is  good ;  and  if  it  is  below  '001 
of  a  second,  the  speaking  is  very  good ;  and,  as  we  have  lines 
constructed  of  iron,  as  we  have  lines  that  are  constructed  of 
copper,  and  as  we  have  lines  that  are  submarine  and  underground, 
we  get  the  following  comparative  values : — Of  iron,  10,000 ;  cables, 
12,000;  copper,  15,000. 

I  would  call  your  attention,  in  the  first  instance,  to  the 
difference  between  iron  and  copper.  We  know,  from  what  w© 
heard  in  the  early  part  of  last  session,  that  the  difference  between 
those  two  is  simply  due  to  the  self-induction  of  the  iron.     Then 
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e  the  diEFerence  between  cables  and  open  copper  wire.   They  are  Mr-  rw** 
both  of  the  same  material ;  the  only  differeiice  is  that  the  one 
U  perfectly  insulated  under  the  sea,  and  the  other  is  exposed  to 
the  air.     The  difference  between  the  two  is  due  to  the  difference 
insulation:  the  leakage  that  takes  place  at  every  inaulator 
supporting  an  open  wire  is  a  means  by  which  the  static  charge  is 
^^nore  rapidly  discharged  fo  the  earth,  and  the  result  is  that  we 
^^Bet  greater  speed  on  copper  lines.     We  can  speak  to  a  greater 
IJHEUstance  on  copper  lines  than  we  can  on  iron,  and  can  even  speak 
to   a  greater   distance   through    an   underground  or   submarine 
copper  conductor  than  we  can  through  an  overground  iron  wire 
on  esiating  poles.     I  think  that  is  one  of  the  most  striking  facta 
that  has  recently  been  brought  out.     The  difficulties  that  have 
hitherto  tended  to  prevent  people  from   carrying  wires  under- 
ground are  difficulties  very  much  of  the  character  that  I  alluded 
to  last  time ;  they  are  very  imaginary.     It  is  possible  to  work 
telephones  underground   with  freedom   from  interruption,  with 
greater  accuracy,  and  to  distances  just  as  great  as  they  can  be 
worked  by  means  of  iron  wires.     The  experimental  evidence  is 
very  voluminous ;  I  propose  to  put  it  in  the  form  of  an  appendix, 
^Hpd  attach  it  to  the  discussion  on  Frofessor  Silvanus  Thompson's 
^^Bper,  and  I  will   not  now  occupy  your  time  with  it.     But  I 
might  give  you  an  illustration  of  the  formula.     Within  the  last 
few  days  we  have   heard   a  good   deal  about   some  telephonic 
correspondence   that  has  been  carried  on  between  Brussels  and 
Paris.     The  distance  between  those  two  capitals  is  from  190  to 
200  miles,  and,  for  the  sake  of  simplicity,  we  will  call  it  200 
^■Mles.     The  resistance  of  the  wire  that  has  been  erected  between 
^Those  two  places  is  4  ohms  per  mile;    that  is,  it  is  a  No.  11 
gaage  copper  wire  which  gives  a  total  resistance  of  800  ohms. 
The    specific    inductive    capacity    of    an    overground    wire    in 
England  varies   between  '013   and   "0168  of  a  microfarad,  the 
latter  being  the  specific  capacity  of  No.  8  iron  wire,  and  the 
former  the  capacity  of  a  wire  of  the  same  size  as  that  we  use^ 
Ko.  12J  for  copper  wire. 

fin  England  we  place  upon  our  poles  earth  wires,  and  there  is 
doubt  that  these  earth  wires  add  considerably  to  the  iuduotWe 
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capacity  of  oar  lines — so  much  bo  that  it  is  eaid,  aod  I  be)iev« 
truly,  that  in  America  the  static  capacity  of  their  lines  is  mtich 
leiB  than  that,  of  oars.  We  will  take  it  as  it  is  in  England — at  '013 
per  mile—and  if  we  maltiply  that  by  200,  we  have  the  total 
capacity  of  the  line  2*6  mf.,  which,  mnltiplied  by  the  total 
resistance  of  800  ohms,  gives  2,080,  which  ia  very  far  below  the 
copper  limit  of  15,000. 

This  law  has  also  bpen  verilied  in  a  very  curious  way  by 
Professor  Fleeming  Jenltin,  who  determined  from  the  original 
formula  that  it  was  possible  to  get  through  the  French  Atiantio 
Cable— 2,500  miles  long — 2{  reversals  per  second ;  and,  by  sim 
following  the  laws  of  the  square,  I  find  that  on  the  Fren 
Atlantic  Cable  it  is  possible  to  get  a  autEcient  iiunilxr  of  vibra- 
tions to  speak  through  for  a  distance  of  96  miles.  When  making 
this  calculation  I  was  pleased  to  find,  on  referring  to  one  of 
my  early  papers,  read  before  the  Phyaical  Society  in  1878,  that 
through  the  kindness  of  Messrs.  Latimer  Clark,  Muirhead,  and  Com- 
pany, I  was  able  to  reiieat  this  experiment  on  an  artiticial  cable 
conatmct«d  to  duplex  the  Direct  United  States  Cable — a  ca 
whose  resistance  and  specific  capacity  was  the  same  as  that  of  tli 
French  Atlantic  Company — and  it  there  came  out  that  we  coal< 
speak  up  to  100  miles;  and  you  will  see  that  the  diffe 
between  the  96  miles  which  I  got  by  calculation  and  the  100 
miles  got  by  the  experiment  in  1878  is  not  very  great. 

At  the  British  Association  meeting  at  Montreal,  Lord  Kay- 
leigh  showed  by  a  formula  taken  from  this  law  that  it  was  only 
possible  to  sjieak  through  the  Atlantic  Cable  to  a  distance  of  5U 
mites;  but  I  am  afraid  that  in  that  calculation  Lord  liayleigh 
took  too  high  a  figure  to  represent  the  number  of  sonorous 
vibrations  produced  by  the  voice.  It  is  an  extremely  diffi' 
thing  to  arrive  at  any  conclusion  as  to  what,  is  the  real  number 
vibrations  per  second  produced  by  the  htunan  voice.  We  ka 
that  the  dominant  note  of  most  speakers  is  not  very  far  from 
middle  C ;  bat  the  human  voice  is  reinforced  by  what  are  calleil 
jiartiale,  or  overtones,  that  go  up  to  a  great  many  octaves.  The 
dominant  note  C  gives  only  256  vibrations  per  second,  but  there 
are  vibrations  in  our  voices  that  go  up  to  thousands  of  ^'ibrationa 
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^■er  second.     The  sibilant  sounds,  for  instance,  are  probably  4,000  Ur.PMms 

^Ht  5.000,  or  more,  vibrations  jjer  second ;  and  Lord  Rayleigli.  who 

^Ht  the  first  authority  on  a(M>uslio£,  and  an  authority  that  I  should 

^Ke^taie  very  much  indeed  to  dissent  from  were  it  not  that  his 

^Honclu^ion  was  not  quite  verified  by  experimental  facts,  makes 

out   that   the  average   number  of  vibrations  is  alxmt  3,600  per 

eecond,  and  from  tliat  he  calculates  the  distance  to  wliich  one  can 

speak  at  ^0  miles,     I  lliink  that  is  too  high,  and  I  have  taken  it 

at  from  1,200  to  1,500.     I  thought  at  one  time  that  it  probably 

BIS  about  800 ;  but  there  is  no  doubt,  from  these  figures,  that  we 
ay  take  the  number  of  vibrations  per  second  at.  about   1,500. 
I  our  actual  telegraphic  working  at  the  present  moment  we  are 
transmitting  on  the  copper  wire  road  line  to  Ireland  at  the  rate 
^nf  428  wonJs  a  minute;  whereas  the  week  before  the  new  line 
^Bra^  put  tlirough  the  speed  on  an  iron  wire  line  was  only  actually 
^■SO  words  a  minute,  which  was  the  speed  obtained  simultaneously 
to  Belfast,  Dublin,  and  to  Cork:  this  was  not  the  possible  speed, 
for  tliat  was  probably  250.     On  the  very  day  of  the  change  the 
»peed  jumjK'd  up  from  130  to  3jO  words  a  minute,  the  second  day 
^Ht  went  ap  to  375,  and  on  the  third  day  it  rose  to  400,  and  then 
^Beached  the  top  speed  of  the  transmitter — 428  words  a  minute. 
^^l  epeed  of  428  words  a  minute  means  that  we  were  sending 
liirough  our  cable    193    reversals,  or  really   386    cturents,    per 
second;  and  we  have  now  our  telegraphic  apparatus  so  beauti- 
fully constructed  that  it  responds  to  386  currents  per  second. 
^J'he  moral  of  what  I  want  to  urge  upon  you  is  that  the  rate  at 
^Hrhich  we  Hpeak,  and  therefore  the  distance  to  which  we  speak,  is 
aolely  and  simply  a  question  of  the  circuit,   and  has  nothing 
'hatever  to  do  with  the  apparatus;  for,  mark  you,  the  original 
periments  which  I  made  in   1 8"S  were  made  with  Bell's  trans- 
mitterB,  and  the  last  eitperinients  were  made  with  the  very  best 
emitter  tliat  I  have  yet  used,  a  new  form  devised  by  Berliner, 
Hanover — a  form  that  sends  very  powerful  currents  indeed — and 
t  the  rate  of   speaking  has  nut.  varied  one  iota.     Therefore  I 
ink  and  hope  I  have  succeeded  in  convincing  you  that  on  this 
inl  I  am  right,  and  that  Professor  Silvaiius  Thompson  is  wrong. 
Next  aa  to  the  disturbances  on  the  wire.     Of  course  it  ia  all 
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very  well,  and  you  will  all  say  so,  for  me  to  urge  that  the  distance 
to  which  we  speak  is  determined  by  the  constmction  of  the 
circuit,  and  that  takes  you  to  distance?  we  do  not  want  to  reach. 
Vi'^e  want  to  talk  to  distances  of  30  or  40  miles  or  bo,  where  at 
present  telephones  are  not  able  to  reach  in  consequence  of  the 
disturbances  on  the  line ;  and  Professor  Silvanus  Thompaon  will 
argue,  and  does  argue,  that  if  the  receiver  is  made  weak  and  the 
transmitter  strong,  the  disturbances  due  to  various  causes  are 
toued  down.  We  have  disturbances  due  to  secondary  currents 
induced  by  the  primary  currents  in  the  neighbouring  wires.  These 
vary  with  the  distance  separating  the  wires,  with  the  number  of 
wires  on  the  same  poles,  and  with  the  length  of  wire  forming  the 
primary  and  of  that  forming  the  secondary  wire.  But  there  is  this 
curious  fact  comes  out,  that  short  lines  are  worse  than  long  ones. 
The  disturbance  is  due  not  only  to  the  strength  of  the  primary  cur- 
rent, but  to  the  rate  at  which  the  primary  current  rises  and  falls. 
It  rises  and  falls  with  greater  rapidity  on  short  lines,  and  therefore 
the  disturbances  are  greater  on  short  lines  than  on  long  lines ;  and 
the  notion  of  getting  over  this  difficulty  by  making  the  receiver 
weak  and  the  transmitter  strong  is  one  that  has  occurred  to  every- 
body's mind  since  the  very  earliest  days  of  telephony.  It  was 
communicated  in  my  first  paper  read  before  the  British  Associa- 
tion, in  1877;  it  was  the  basis  of  the  discoveries  and  work  of 
Edison ;  it  has  been  the  subject  of  several  patents ;  it  is  even 
carried  out  on  the  London  and  North  Western  Railway,  where 
Mr.  Fletcher,  the  telegraph-engineer  of  the  railway,  has  weakened 
the  receiver,  baa  strengthened  as  far  as  he  possibly  can  the  tram 
mitter,  and  does  succeed,  for  short  distances  between  signal  boxi 
— say  for  one  and  a  half  or  two  miles — in  overcoming  the  dis- 
turbance due  to  induction  from  neighbouring  wires.  But 
there  are  no  wires  carrying  Wheatstone  instrument  currents, — 
there  are  no  wires  on  this  line  carrying  Delany  currents, — 
and  these  currents  are  so  powerful  that  I  defy  anybody  in  this 
room,  with  the  very  best  transmitter  that  ever  was  produced  and 
the  very  worst  receiver— for  these  two  are  really  necessary — to 
speak  from  the  top  of  the  General  Post  Office  down  to  the  bottom 
if  the  wire  passes  through  the  chasings  carrying  the  instrument 
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leada  to  the  Central  Telegrapli  Station.  It  is  impossible  to  speak  "'■ 
through  100  j-ards  of  a  heavy  street  line ;  it  is  impossible  to  speak 
from  the  Post  Office  to  our  stores  at  (jloucester  Road;  and  the 
reason  is  very  simple — that  the  mutual  induction  currents  from 
68©  powerful  currents  used  for  ^^'^leJltstone  transmitters  are 
measurable;  they  come  within  the  reach  of  our  systems,  and 
careful  observations  have  shown  that  they  are  a  very  large  fraction 
of  a  milliamp^re  j  in  fact,  ciurents  have  been  measured  giving  an 
indication  of  about  'OH,  or  about  yovji  loilliarap^re.  Such 
currents  are  probably  100,000  times  greater  than  the  currents 
that  are  used  to  work  a  telephone  transmitter;  and  I  quite  go 
with  Professor  Silvanus  Thompson,  or  anybody  else,  and  say  that 
if  it  were  possible  to  diminish  the  sensitiveness  of  our  telejihone 
receivers  100,000  times  and  still  speak,  we  should  do  so  ;  but  we 
cannot  j  we  can  only  diminish  the  sensitiveness  of  a  telephone 
receiver  to  a  very  small  extent,  and  then  we  get  beyond  the  limits 
I  of  the  human  ear.  I  think  myself  that  it  is  folly  to  carry  on 
'■  experiments  in  the  face  of  the  experience  of  ten  years  in  every 
countrj'  all  over  the  globe.  Wherever  telephones  have  been  tried 
— and  where  have  they  not  been  tried  ? — everybody  knows  that  the 
uotion  that  if  we  are  going  to  get.  over  these  rlisturbaiicea  by 
dhuinishing  the  sensitiveness  of  the  telephone  receivers  and  by  in- 
creasing the  strength  of  the  transmitters  ia  absurd.  I  am  sure  our 
friend  Professor  Silvanus  Thompson  takes  my  remarks  in  the  same 
good  part  as  I  make  tiiem.  In  my  criticism  I  do  not  mean  any 
imkindness  to  him  ;  I  simply  wish  to  criticise  and  point  out  what 
I  believe  to  be  not  errors  of  judgment,  but  errors  of  fact.  Of 
eourae  where  a  thing  is  a  matter  of  opinion  it  ia  arguable ;  but 
where  facts  are  fects,  and  where  facts  are  easily  expressed  by  law, 
Ihen  I  think  we  must  throw  over  our  opinions  and  keep  to  the 
inexorable  logic  of  facts. 

I  have  just  one  more  critical  remark  to  make.     He  has  given 
^^1  here  a  theory  of  microphonic  contacts,  and  has  brought  to  bear 

^Bl  his  poetic  skill  to  exjilain  in  very  nice  language and  lie 

I^H^ns  does  write  nicely — I  know  nobody  iu  this  Society  who  knows 
now  to  write  better  than  Professor  Silvanus  Thompson.     Take  his 
iks.      His   book  on    electricity  is  one  of  the  best   books  we 
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*"■  have ;  and  his  book  on  dynamo  maciiines  is  in  everybody's  band, 
and  everybody  will  Bay  that  there  ie  no  book  that  has  done  more 
to  inculcate  a  knowledge  of  the  theory  of  a  dynamo  than  that 
book  of  Professor  Silvanua  Thompson.  Bat  with  regard  to  that 
which  we  may  call  the  heat  theory  of  the  mieroittione,  that  is  a 
theory  that  I  myself  brought  before  this  Society  when  Mr. 
Munro'B  paper  was  read  on  "  Microphonic  Contacts."  It  is  a  theory 
that  I  propounded  after  much  discussion  with  Professor  Hughes, 
who  agrees  with  me  generally,  but  I  call  it  the  heat  theory, 
while  he  speaks  of  it  as  the  arc  theory;  and  that  is  the  only 
theory  that  will  explain  the  reversibility  of  the  microphone. 
Professor  Hughes  haw  shown  how  it  is  possible  to  make  a  micro- 
phone not  only  transmit  speech,  but  to  reproduce  it ;  and  this  heat 
theory — which  I  say,  with  all  due  deference  to  Professor  Silvanos 
Thompson,  is  my  own-^is  the  only  theory  that  will  account  for  all 
that.  With  that  exception,  I  have  no  other  remark  to  make  on 
tiiis  paper.  I  am  perfectly  ready  to  admit  that,  notwithstanding 
all  the  hard  words  that  I  have  said,  this  paper  ia  one  which  does 
a  great  deal  of  credit  to  the  energy  of  Professor  Silv&nus 
Thompson,  although  I  will  not  say  that  1  think  that  it  will 
enhance  his  reputation  very  much. 
HoK™'  Professor  D.  E.  Hdghes:    Professor  Tliompson  has  brought 

before  us  in  his  remarkable  paper  a  series  of  most  interesting 
exijeriments,  wliich  offer  a  wide  field  for  discussion.  I  cannot 
ijuite  agree  with  Professor  Thompaou  in  his  general  clussitieatiou 
of  transmitters  and  receivers ;  nor  does  he  sufficiently  indicate 
those  which  are  merely  of  scientific  interest,  but  whose  results 
are  too  feeble  for  any  use,  from  those  which  give  results  of  such 
high  value  a*i  to  be  of  vast  practical  importance. 

The  electric  transmission  of  speech  was  at  first   considered 
impossible ;  but  since  the  great  advances  made  in  telephony,  from 

tlSfil!  to  the  year  1878,  successive  experimenters  and  innumerable 
researches  have  shown  that  almost  all  changes  in  matter  caused 
by  vibrations,  including  the  effects  caused  by  heat  and  light,  can 
be  used  as  transmitters  and  receivers;  and  I  congratulate  Professor 
Thompson  on  having  been  able  to  add  a  new  effect,  viz.,  that  of 
the  layer  between  a  drop  of  water  and  a  heated  metallic  surface. 
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e  water  then  being  in  the  well-known  spheroidal  state:  this  e£Fect,  S^'?*"' 
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owever.  must  be  excessively  feeble,  and  whilst  of  no  practical  value 

:t  is  certainly  most  interesting  from  a  scientific  point  of  view. 

Professor  Thompeon  has  also  given  us  a  list,  of  the  materialB 

has  eiperimented  with  for  microphonic  contacts.    They  include 

a    far  greater  variety  than  1   have  been  able  to  try,  and  I  hope 

at  the  copper-seleiiium  composition  he  has  mentioned  as  being 

perior  to  carbon  for  a  short  time  can  be  so  perfected  as  to  render 

it  durable  and  practical  in  every  respect. 

(As  regards  the  best  arrangement  of  the  microphones,  whether 
I  single,  parallel,  or  in  series,  I  believe  it  entirely  depends  upon 
ie  question  of  the  use  for  which  they  are  required;  and  all  those 
lio  saw  my  numerous  microphomc  instruments  from  October, 
8(7,  to  May,  1878,  will  remember  that  in  some  I  had  them  in 
sries,  as,  for  instance,  in  the  glass-tube  transmitter,  which 
contained  from  four  to  six  pieces  of  hard  caibon  superposed,  thus 
having  six  joints  or  loose  contacts  in  series;  and  very  often  I 
^^oined  the  pencil  microphones  in  parallel,  as,  for  instance,  at 
^^^r.  Preece's  lecture  in  this  hall,  when  the  transmitter  which 
was  used  downstairs  to  convey  the  speech  and  music  to  the  hall 
had  two  microphones  joined  in  parallel. 

I  saw  then  that  there  was  nothing  new,  or  any  new  law,  that 
demonstrated  by  the  joining  up  of  microphones  in  any  con- 
ceivable way,  for  they  obeyed  in  this  respect  the  well-known  laws 
which  were  known  and  followed  in  telegraphy,  viz. :  If  we  wish  to 
ibtain  the  greatest  possible  variation  on  a  line  of  great  resistance, 
len  the  inicropUones  should  be  arranged  in  series,  as  we  arrange 
le  cells  of  a  telegraph   battery,  for  in  this  case  the  internal 
ance  of  the  cells  is  far  less  than  the  resistance  of  the  line, 
id  this  is  equally  bo  with  the  internal  resistance  of  loose  contacts 
of  microphones  in  series.     But  if  we  wish  in  telegraphy  to  work 
^■en  s  short  line  of  low  resistance,  then  the  resistance  of  the  battery 
^^tad    electro-magnet   must  be   reduced ;   and  so  it   is  with   the 
microphone,  for  when  we  employ  it  on  the  short  thick  wire  of  an 
iduction  eoil  we  should  employ  a  battery  of  large  surface  or  low 
Bistance,  and  the  total  resistances  of  the  microphones  should  be 
uced  by  joining  them  in  parallel. 
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A  great  deal  of  attention  1ms  been  paid  to  the  best  arrange- 
ment of  microphones,  but  too  little  attention  has  been  given  to 
the  most  siiitable  induction  coil.  For  it  is  evident  that  each 
particular  tmnamltter  requires  that  the  battery  and  the  primary 
wire  of  the  coil  should  be  in  proportion  to  the  internal  reaiBtance 
of  the  transmitter.  The  secondary  wire  should  also  be  propor- 
tional to  the  resistance  of  the  line  upon  which  it  is  used ;  and 
from  Kome  researches  that  I  have  made  on  this  subject  it  is 
evident  to  me  that  great  progress  will  be  made  by  improved 
induction  coils  for  telephonic  puqioses,  and  Professor  Thompson 
has  shown  in  his  paper  that  he  is  fiilly  aware  of  the  importance 
of  tliis  question. 

I  do  not  quite  agree  with  Professor  Tliomjison  in  his  theo- 
retical explanation  of  his  valve  telephone.  He  considers  that  the 
ball  or  valve  does  not  vibrate  itself,  but  follows  or  rides  upon  the 
vibrations  of  the  air  waves.  I  agree  that  the  ball  does  not 
vibrate  of  itself  to  any  great  extent,  but  I  do  not  believe  that  it 
follows  or  rides  upon  the  vibrations  of  the  air  waves.  In  my 
mind  the  true  exjilanation  will  be  found  in  the  experimental  feet 
that  the  sonorous  aerial  vibrations  impinge  on  the  sides  of 
the  tube,  putting  tlus  into  an  intense  mechanical  vibration,  and 
these  vibrations  are  conveyed  to  the  supports  of  the  ball  or  valve, 
whose  loose  contact  produces  the  microphonic  effect. 

The  tube  dues  not  become  a  diaphragm  when  thus  employed, 
hut  it  is  by  its  solid  nature  12  to  14  times  a  better  conduetor  of 
sound  than  air,  and  consequently  the  vibrations  are  conveyed 
through  a  tube,  or,  it  maybe,  a  Bolid  rod, with  far  greater  velocity 
than  through  the  air  itself.  There  is  no  difference  in  the 
mode  of  propagation  of  sounds  in  solids  or  the  air  except 
their  greater  velocity  through  solids;  and  if  a  solid  body,  no 
matter  what  form  or  how  used,  is  a  legal  diaphragm,  then  the 
air  itself  is  an  English  legal  diaphragm. 

To  prove  that  it  is  not  the  ball,  but  the  tube,  which  vibrates, 
let  us  close  the  tube  below  the  ball,  allowing  the  air  to  escape 
by  a  side  aperture  in  the  tube.  We  shall  then  find  that  it  works 
more  perfectly  than  before.  Or  let  us  take  away  the  ball  and 
attach  several  pencil  microphones  to  the  exterior  of  the  tube. 
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We  shall  then    have  &  very  perfect  transmitter,  fully  etmal    to  PrgrwiM 
those  disposed  on  sounding-Doords. 

ProfeBSor  Thompson  has  shown  us  his  arrangement  of  108 
microphones  attached  to  a  rod  in  connection  with  a  diaphragm, 
the  microphones  being  contained  in  a  box  the  upper  portion  of 
which  sustains  the  diaphragm,  I  do  not  think  this  to  be  a 
hopeful  arrangement.  We  do  not  need  the  to-and-fro  motion  of 
the  diaphragm.  Let  us  therefore  attach  these  microphones  ail 
round  the  interior  of  the  box,  and  speak  simply  in  the  box,  and 
we  shall  have  all  the  effects  we  desire.  No  doubt  we  should  then 
have,  in  addition  to  our  ordinary  voice,  the  hollow  tones  of  the 
box.  Let  us  therefore  fill  the  box  with  pure  water  so  as  to 
entirely  submerge  the  microphones.  We  then  find  that  the 
boUow  tone  of  the  box  has  in  a  great  measure  disappeared,  whilst 
the  microphones  seem  to  work  with  increased  power,  as  every 
portion  of  the  fluid,  being  in  a  state  of  tremor,  conveys  to  the 
inicrophones  the  ribrations  transmitted  by  the  voice  to  the  water 
■ndbox. 

We  all  know  the  remarkable  power  which  water  has  of  con- 
veying sound,  and  to  test  this,  in  1878,  I  took  a  microphone  to 
^pne  of  our  public  baths.  The  room  appeared  quite  silent ;  but  on 
submerging  the  microphone  in  the  bath,  a  perfect  uproar  of 
sounds  was  heard — doors  shutting,  flowing  of  water  in  other 
rooms,  steps,  voices,  all  mixed  in  a  terrific  noise. 

The  remarkable  power  of  the  microphone  to  detect  the 
Sowing  of  water  or  any  leakage  in  water  pipes  seems  to  have 
received  a  practical  application,  for  the  Electrician  of  January 
28th  of  this  year  contains  the  following  paragraph : — 

"At  the  recent  congress  of  gas  and  water  engineers,  held  at 
Eisenach,  in  Germany,  it  was  stated  that  many  German  water 
tompanies  bad  adopted  the  microphone  as  a  jiart  of  the  regular 
equipment  of  their  tumcocka,  in  order  to  enable  them  to  detect 
the  presence  and  estimate  the  importance  of  any  leakage.  The 
microphone  is  fixed  upon  a  plate  which  can  readily  be  attached 
to  a  stopcock.  It  is  said  that  the  presence  of  a  leakage  at  the 
rate  of  only  a  few  drops  a  minute  can  be  readily  detected  by  this 
means." 
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This  paragraph  entirely  agrees  with  the  experiment  that  I 
made  with  s-ubmerged  microphones  in  the  bath,  and  I  believe 
from  this  and  other  eiperiments  that  there  is  a  field  of  research 
open  for  microphonic  transmitters  submerged  in  a  flnid  contained 
in  receptacles  of  different  forms. 

In  the  portion  of  Professor  Thompson's  paper  upon  telephone 
receivers  there  are  many  interesting  and  valuable  points.  He 
very  properly  considers  that  it  is  not  the  province  of  an  inventor 
of  telephone  instruments  to  cure  the  lines  of  their  numerous 
defects,  but  to  construct  instruments  which  vrill  work  satisfac- 
torily through  the  defects  which  at  present  eiist. 

Long  or  short,  distance  telephony,  like  telegraphy,  does  not 
depend  upon  the  mere  distance  or  resistance  of  the  line,  for  we 
have  in  addition  to  consider  the  static  and  self-indurtion,  both 
causing  a  retardation  and  flattening-out  of  the  extremely  rajrtd 
waves ;  and  we  have  also  leakage  from  wire  to  wire,  and  electro- 
magnetic or  mutual  induction  of  one  wire  upon  another,  causing 
induced  currents,  which  interfere  greatly  with  those  we  wish 
alone  to  receive.  These  defects  can  be  greatly  diminished  by  a 
proper  construction  of  lines ;  but,  taking  these  defects  as  they 
undoubtedly  exist  at  the  present  time,  I  do  not  beheve  that  we 
shall  arrive  at.  better  results  by  the  use  of  leas  sensitive  receiving 
instruments,  or,  rather,  by  instruments  having  greater  inertia  in 
their  armatures,  and  consequently  less  capacity  for  rapid  currents. 

Professor  Thompson  has  shown  that  a  polarised  magnet  U 
more  sensitive  to  rapid  alterations  of  currents  than  a  simple  soft 
iron  electro-magnet,  and  this  has  long  been  known  in  telegraphy, 
for  of  the  innumerable  forms  of  relays  that  have  been  tried  for 
rapid  telegraphy  there  are  hardly  any  which  have  siu^ived  which 
are  not  more  or  less  polarised  by  a  permanent  magnet. 

We  all  know  the  Siemens  form  and  the  Post  Office  form  of 
polarised  relay ;  but  the  electro-magnet  which  is  the  moat  highly 
polarised  of  all  is  the  one  invented  by  myself  and  patented  in 
1855,  and  still  in  use  throughout  Europe  in  my  printing  tele- 
graph instrument.  In  this  electro-magnet  the  soft  iron  cores  of 
the  electro-magnet  are  simply  the  prolongation  of  the  poles  of  a 
powerful  compound  permanent  magnet. 
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This   form   of    elect ro-maguet    I    found   advantageous,  first,  ^<''f''""' 
lose  it  allowed  me  to  have  a  powerful  retaining   magnetic 
ce  acting  on  the  armature ;  and,  secondly,  because  I  found  that 


electro-magnet  wlien  highly  polarised  was  more  sensitive  to 
.pid  feeble  currents  than  when  not  polarised.  For  this  reason 
the  permanent  magnet  ia  made  to  jHtlarise  the  electro-magnet 
with  far  greater  power  than  that  needed  for  the  mere  holding  of 
the  armature ;  in  fact,  it  is  so  strong  that  I  have  in  practice  to 
reduce  its  retaining  effects  on  the  annature  by  separating  it  from 
Umj  poles  by  a  piece  of  paper.  Now  this  arrangement  is  well 
known  as  the  "Hughes  magnet,"  but  there  is  another  which  is 
not  qaite  so  well  known  in  England. 

In  18G3,  finding  it  necessarj-  to  nse  a  relay  which  should  he 
equally  rapid  as  the  instrument  itself,  I  constructed  several  relays 
for  the  French  telegraphic  lines  in  which  my  polarised  magnet 
was  used,  acting  at  a  distance  upon  a  soft  iron  armature  similar 
to  other  relays,  the  only  difference  being  the  replacing  of  the  old 
soft  iron  electro-magnets  by  the  one  used  in  my  instrument.  This 
acted  extremely  well,  and  it  ia  in  use  to  this  day.  Mr.  Elsasser 
has  made,  in  Berlin,  a  particular  disposition  of  relay  with  the 

f     mme  electro-magnet,  which  has  great  advantages  for  aubterraneau 
lines. 

Let  us  now  look  at  the  most  powerlVil  and  successful  tele- 
phone receivers  yet  made,  as  in  the  bos  form  of  the  Bell,  and  in 
the  similar  arrangement  of  the  (lower-Bell.  The  polarised 
magnet  there  used  is  identically  the  same  as  mine,  and  this 
is  a  proof  that  my  old  form  of  polarised  electro-magnet  still 
remains  one  of  the  beat  for  purposes  where  extremely  rapid 
forrenta  are  used. 

^H     To   Graham   Bell   and  hie  associates  belongs   the   credit  of 
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rnUnot     for  telephonic  purposes  of  an  iron  diaphragm  with  s  polarisie)! 
electro-magnet. 

The  greatest  difficulty  which  is  at  present  encountered  on  our 
busy  telephonic  lines  is  that  due  to  the  mutual  induction  of  one 
line  upon  the  other,  and  this  would  be  fatal  to  sensitive  tele- 
graph relays  if  we  had  not  the  power  of  so  adjusting  the 
armature  between  its  contacts  that  it  will  not  respond  to  currents 
less  than  those  intended  to  be  received.  In  a  telephone,  how- 
ever, the  diaphragm  does  not  play  between  any  fixed  limits,  and 
a  very  sensitive  telephone  becomes  influenced  not  only  by  the 
desired  currents,  but  also  by  the  extraneous  currents. 

It  is  not  possible  to  work  on  a  telegraph  or  telephone  line  if 
the  induced  currents  have  an  equal  or  greater  power  than  those 
we  wish  to  receive.  Very  fortunately,  as  a  rule,  they  are  far  less, 
and  we  have  then  this  adjustment  of  a  sensitive  telephone,  which 
HO  far  seems  the  best  we  can  obtain  ;  and  that  ia,  to  reduce  the 
sensitiveness  of  the  instrument  by  removing  the  electro-magnet 
gradually  away  from  the  diaphragm  until  we  can  either  no  longer 
near  the  induced  currents,  or  that  their  effect  is  so  small  as  to  be 
hardly  appreciable.  I'nfortunately,  in  bo  doing,  w©  also  reduce 
the  sensitiveness  of  the  receiver,  for  its  own  turrents  and  the 
sounds  received  are  greatly  enfeebled.  We  can  also  arrive  at  the 
same  results  by  using  coarser  or  leas  wire  on  the  electro-magnet, 
using  a  switch  to  cut  out  more  or  leas  layers  as  desired. 

We  cannot,  however,  by  either  of  these,  or  any  known  method, 
preserve  the  loud  tones  produced  by  the  currents  we  desire,  and 
reject  those  which  are  not  desired ;  nor  do  I  believe  that  the 
question  can  be  resolved  by  constructing  telephones  of  less 
sensitiveness  without  any  other  corresponding  advantage. 

In  all  rapid  relays  we  have  to  make  the  armature  small  and 
light,  in  order  to  have  as  little  inertia  as  jMssible.  Professor  Bell, 
in  making  a  thin  iron  diaphragm  the  armature  of  the  electro, 
magnet,  reduced  the  inertia  as  far  as  possible,  whilst  from  its  large 
surface  the  lines  of  magnetic  force  are  not  confined  to  any  single 
part.  This  freedom  from  inertia  allows  the  diaphragm  to  respond 
to  an  almost  infinite  rapidity  of  currents  with  a  perfect  sharpness 
of  definition.     It  is  well  known  that  all  telegraph  relays  will  work 


ivar.i  DI8CUB3I0N.  at 

as  receiving  telephones  by  attachitig  a  thread  from  the  armatare  Pnii«««o» 
to  a  diaphragm  of  parchnient  or  any  suitable  material.  I  believe 
this  was  tirst  shown  by  Breguet,  in  1877,  who  attached  an  ordinary 
string  telephone  to  the  armature  of  an  ordinary  polarised  relay. 
It  was  also  shown  by  Mr.  W,  H.  Preece  about  the  same  time,  who, 
I  believe,  patented  this  method  j  but  one  of  the  earliest  and  most 
SQcce^ful  attempts  in  this  direction  was  made  the  same  year  at 
the  Xewfoundland  station  of  the  Atlantic  Submarine  Cable  Co. 
They  attached  an  ordinary  parchment  diajihragm  by  a  thread  to 
the  eoil  of  Sir  W.  Thomaon'a  siphon  recorder ;  and  as  we  know  the 
exceeding  sensitiveness  and  rapidity  of  this  coil,  we  know  that  the 
tesatt  must  have  been,  as  stated,  extremely  good. 

Professor  Thompson  has  brought  before  us  some  very  interest- 
ing and  novel  forms  of  telephone  receivers,  pad  I  have  no  doubt 
that  he  has,  by  comparative  experiments,  been  able  to  test  their 
respective  merits ;  but  I  cannot  agree  with  him  where  he  believes 
that  we  must  follow  the  lines  of  a  dynamo  in  order  to  improve 
our  telephone  receivers.  The  two  objects  are  totally  different; 
though  they  are  both  converters  of  electric  energy  into  mechanical 
motion,  the  motion  in  both  is  entirely  different.  The  one  acqiiires 
a  continuous  rotary  motion  where  the  inertia  of  the  armature 
may  be  neglected ;  whilst  the  other  requires  a  reciprocating  motion 
of  groat  rapidity  through  an  exceedingly  small  space,  requiring 
also  that  mechanical  inertia  must  be  avoided  as  far  as  x>03sible 
We  have  rather  to  follow  the  lines  of  known  telegrapjiic  applica- 
tion!:, and  from  these  we  learn  that  telegraph  relays  are  far  more 
efficient  transformers  of  feeble  currents  than  any  dynamo  possible. 

There  is  one  point  in  Professor  Thompson's  paper  to  which  I 
ioroughly  agree,  and  that  is — If  we  are  to  work  with  more  per- 
fection through  our  present  defective  lines,  we  must  look  for 
improvement  in  having  more  powerful  transmitted  currents, 
through  a  better  arrangement  of  the  microphones,  and,  above  all, 
in  the  use  of  a  more  perfect  and  suitable  induction  coil  than 
those  in  tuie  at  present,  for  we  can  then  adjust  or  construct  our 
recetiing  telephones  beyond  the  range  of  disturbances  and  receive 
with  [terfect  clearness,  due  entirely  to  the  more  powerful  currents 
sent  by  the  transmitter. 
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There  are  many  other  points  of  very  great  interest  eontained 
in  Professor  Thompson's  valuable  paper,  such  as  the  effect  of  heat 
on  mierophomc  contacts  and  his  theory  of  molecular  hombard- 
ment,  bat,  as  I  have  already  taken  np  more  than  my  share  of 
time,  I  must  leave  these  to  others. 

In  conolnsioD,  I  must  express  ray  thanks  to  Professor  Thompson 
for  having  bronght  before  oar  Society  a  paper  so  fall  of  interesting 
experiments,  and  one  so  well  worthy  of  discu^ion. 

The  President:  Ha\-ing  heard  two  members  of  the  Council, 
I  sbonld  like  to  ask  if  any  members  or  visitors  wish  to  favour  as 
with  their  views  on  this  interesting  subject.  I  think  it  very 
doubtful  that  we  shall  be  able  to  cloee  the  discussion  this  evening. 

EdoENe  J.  MoYHiHAS :  I  must  first  ajwlogise  for  occupying 
the  time  of  the  meeting,  inasmuch  as  telephony  is  out  of  the 
range  of  my  work,  and  my  standpoint  with  respect  to  it  is 
almost  that  of  an  amateur.  But  there  are  several  points  in 
Professor  Thompson's  paper  which  I  think  require  some  ex- 
planation. 

In  the  first  place,  I  should  like  to  ask  for  some  details  as  to 
the  nature  of  the  trials  to  which  Professor  Thompson's  new 
instruments  have  been  subjected — particularly  aa  to  the  lines  and 
lengths  of  lines  on  which  they  have  been  tried,  and  with  what 
particular  instruments  they  have  been  compared.  I  have  read 
the  paper  carefully,  and  can  find  no  information  on  these  jioinls. 

Professor  Thompson  says  that  no  great  progress  had  been 
made  between  1879  and  1885.  What  progress,  if  any,  has 
been  made  since  then,  if  we  except  the  valve  and  other  tele- 
phones of  Professor  Thompson,  the  merits  of  which  are  still  under 
discussion  ? 

Professor  Thompson,  in  his  paper,  lays  down  some  general 
principles  with  regard  to  long-distance  transmitters.  The  chief 
difference  between  these  and  those  laid  down  by  Mr,  fjhelford 
Bidwell,  in  his  paper  read  before  this  Society  in  1883,  is  that 
they  are  not  so  numerous  or  precise,  Mr.  Shelford  Bidwell  says 
(mde  Journal,  vol.  lii.,  p.  204) : — 

(1.)  The  constituent   elements   of  a   miirophone   shoidd   be 
numerous. 
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(2.)  They  should  be  arranged  in  multiple  arc.  ) 

(3.)  They  should  be  heavy. 

(4. )  The  preMsure  at  the  points  of  contact  should  be  light. 
(5.)  The  resistance  of  the  microphonic  system  should  depend 
upon  the  resistance  of  the  rest  of  the  circuit  (which  should 
be  small),  and  upon  tta  sensitiveness  to  change  of  pressure. 
Id  general  it  should  be  small. 
(6.)  Up  to  a  certain  limit,  depending  upon  the  number  of 
contacts  and  their  pressures,  tlie  current  used  should  be 
strong. 
Bearing  these  principles  of  Mr.  BidweU's  in  mind,  it  is  some- 
what difficult  U»  see  what  the  new  points  of  scientific  interest  are 
in  Professor  Thompson's  new  and   practical  instruments.      The 
main  point    about  them  seema  to  be  that  they  are  extremely 
ingenious  attempts  to  circumvent  certain  galling  monopolies. 

I  should  like  to  call  attention  to  the  fact  that  Edison,  in  his 
patent  2,909  (18V7),  mentions  a  thermopile  arrangement  of 
transmitter,  which  has  the  advantage  over  Professor  Thompson's 
of  requiring  no  flame,  the  alteration  of  temperature  being  pro- 
duced by  the  compression  of  an  india-rubber  diaphragm  in  the 
nedghbourbood  of  the  thermopile. 

It  is  a  question  whether  all  diaphrngms  have  appreciable 
les  of  their  own.  Has  the  Blake  diaphragm  an  appreciable 
je  of  its  own  ?  lu  instruments  that  I  have  examined  the 
is  made  of  fairly  thick  iron  plate,  and  is  not  fixed 
ripdly,  but  by  an  india-rubber  packing  ring.  There  is  also  a 
spring  which  presses  on  the  diaphragm  near  its  centre  vrith  very 
considerable  pressure,  for  the  sake  of  damping  any  violent 
librations  or  tones  of  its  own.  Also,  with  reference  to  the  break 
in  the  circuit  of  the  Blake  tension  regulator,  which  Professor 
Thompson  finds  t«  be  a  very  serious  defect,  I  am  unable  to  see 
how  it  can  occur  when  the  instrument  is  used  in  the  proper 
manner,  for  the  following  reasons : — The  carbon  button  is  held  on 
a  stiff  spring,  and  adjusted  so  as  to  lightly  press  the  platinum  head 
— which  is  between  it  ami  the  diaphragm — against  the  diaphragm ; 
the  platinum  head  is  fixed  to  a  very  light  German  silver  spring, 
which  a  set  is  given,  causing  it  to  follow  the  carbon  bvAVou 
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for  aboat  a  qumier  of  an  inch,  when  it  (the  carbon  button) 
drawn  back.  Now,  considering  that  the  inertia  of  the  car' 
bntton  is  infinitelj  greater  than  that  of  the  platinum  bead,  i 
follows  that  the  circuit  cannot  be  brokeu  without  a  very  esceasive 
jar.  I  have  never  experienced  this  break,  even  in  an  instntment 
put  np  in  a  factory,  immediately  over  the  shafting  dri\-ing  some 
twenty  dynamos  or  so;  and  it  is  easy  enough  to  prevent  any 
chance  of  the  occurrence  by  properly  fixing  the  ioatrument. 
When  it  is  roared  at,  or  knocked,  or  improperly  fixed  where  the; 
is  much  vibration,  there  is  possibly  the  liability  complained  of. 
But,  as  far  as  I  can  see,  precisely  the  same  liability  exists  in 
Professor  Thompson's  inatrumenta. 

I  should  like  to  know  Professor  Thompson's   authority   for 
gtating  that  the  non-necessity  of  the  diaphragm  was  proclaimi 
by  Edisou  in  1878.     I  have  not  noticed  it  in  any  of  his  pat«nts. 

With  regard  especially  to  Professor  Thompson's  valve  tele- 
phones, I  was  going  to  say,  in  effect,  what  Professor  Hughes  has 
just  said  as  to  their  action.  I  should  like  to  ask  Professor 
Thompson  whether  he  has  tried  to  Imnsmit  with  it  with  the 
tube  plugged  np.  I  think  it  will  still  transmit  under  thi 
circmn  stances. 

la  not  the  large  inertia  of  the  steel  rod  supporting  half  the" 
weight  of  the  carbons  in  an  immense  number  of  multifold-grid 
telephones  extremely  objectionable  ?  I  hope  Professor  Thompson 
will  not  find  it  so  when  his  instrument  with  a  thousand  carbons 
or  BO  is  built. 

Professor  Thompson  spent  some  little  time  in  showing  (page  6) 
"the  utter  fatuity  of  the  dictum  that  a  transmitter  oanni 
transmit  unless  the  contact  surfaces  are  semi-conductors,"  am 
that  the  best  transmitter  is  one  which  he,  somewhat  vaguely,'' 
does  not  describe.  If  this  other  vague  form  is  the  best,  why  has 
Professor  Thomfison,  after  all,  come  back  to  carbon  contacts  pure 
and  simple  ? 

What  does  Professor  Thompson  mean  by  an  induction  plug 
Is  it  a  ahunt  ?     The  consequences  of  every  writer  of  a  scientific 
()«per  introducing,  say,  three  new  technical  terms,  are  enough 
^■make  a  hnmhle  student's  hair  stand  on  end. 
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In  coDcIasion,  I  may  perhaps  say  that  I  am  not  pecuniarily  Mr. 

iterested  in  any  form  of  telephone,  and  I  shonld  perfionally  be 

^only  too  pleased  to  see  free  trade  in  telephones.      And  I  may 

perhaps  be  permitted  to  pay  my  humble  tribute  to  the  energy 

id  flow  of  ideas  whit-h  have   enabled   Professor  Thompson  to 

\y  many  hundreds  of  forms  of  instrument,  with  this  laudable 

^t,  in  eight  years.     I  do  not  know  what  most  people  would 

con^der  many  hundreds,  but,  taking  it  at  the  moderate  figure 

100,  we  see  that  Professor  Thompson  has  for  the  last  eight  years 

tssayed  a  new  form  of  telephone,  on  the  average,  once  a  week. 

Mr.  A.  STROii :  I  feel  somewhat  reluctant  to  speak  on  theJit- 
subject,  because  it  is  now  some  years  since  I  have  in  any  way 
experimented  with  microphones  or  telephones ;  but  the  gection 
of  Professor  Thompson's  paper  devoted  to  the  effects  of  heat  is 
especially  interesting  to  me,  and  I  may  perhaps  say  a  few  words 

ion  that  subject. 
.Some  years  ago,  when  Mr.  Shelford  Bidwell  rend  his  interest- 
ing paper  on  "  Microphonic  Contacts,"  duriug  the  discussion  upou 
It  I  described  a  number  of  experiments  which  I  then  made  with 
an  Bpi«iratus  which  I  did  not  show  at  the  time,  but  which  I  have 
trought  here  to-night.     It  is  simply  a  very  delicate  microphone, 
placed  under  a  microscope,  fixed  on  a  little  sounding-board,  with  a 
[iratch  upon  it  as  a  source  of  sound ;  one  cell  of  a  battery  is  used 
provide  a  current,  and  a  telephone  is  used  to  Usten  to  what 
lee  place  at  the  microphone,  so  that  we  have  the  means  of 

fing  by  the  eye  and  ear  at  the  same  time. 
In  hia  paper  Professor  Silvanus  Thompson  states  that  heat 
improves  the  action  of  a  microphone,  and  I  have  no  doubt  it  does 
under  certain  circumstances  ;  but  in  a  small  and  delicate  micro- 
phone I  do  not  think  any  great  advantage  can  be  obtained  by 
artificial   heat,  because  I   believe  that  the  current  in   passing 
creates  as  much  heat  as  is  necessary  for  the  action  of  the  micro- 
^_  phone.     The  arrangement  I  need  consists  of  a  carbon   fixed  on  a 
^■board ;  on  it  rests  another  carbon  which  moves  on  an  axis,  and  the 
^Blatter   Js  provided   with    a   spiral    spring  by  means   of   which 
pressure  can  be  given  and  varied  at  the  contact.     The  axis  is 
Textieal,  so  that  there  should  be  no  pressure  due  to  the  carbon 
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itself,  and  that  the  pressure  ehouJd  only  be  caused  by  the  spring. 
If  the  spring  is  slightly  tightened — ^just  sufficient  to  produce 
what  we  know  aa  microphonic  contact — then  on  completing  the 
circuit  there  is  generally  a  burning  for  s  few  seconds  at  the 
points  of  contact,  during  which  time  the  carbons  approach 
towards  each  other  a  little,  and  then  the  microphone  begins  to 
act  as  such.  In  the  first  instance  a  few  points  touch  only.  The 
current  in  passing  those  few  points  meets  with  great  resistance, 
and  intense  heat  is  the  conseijuence,  by  which  these  points  are 
homed  and  the  area  of  contact  is  thereby  enlarged,  This  goes 
on  until  the  resistance  is  so  far  reduced  that  the  amount  of  heat 
caused  thereby  is  just  below  that  which  causes  the  burning  of 
the  points  of  contact,  and  this  is  the  condition  in  which  the 
microphone  will  transmit  sounds.  It  sometimes  hap{)ens  that 
the  area  of  contact  becomes  too  large :  in  that  case  the  current 
passes  without  creating  the  requisite  amount  of  heat,  and  in  that 
condition  the  microphone  wiU  not  work.  What  takes  place,  how- 
ever, between  the  points  of  contact  when  the  microphone  is  in 
working  condition,  bnt  in  its  passive  state,  as  I  will  call  it,  is 
hardly  within  my  province  to  explain.  Professor  Thompson  has 
espresae<l  an  opinion  in  his  paper  on  this  point,  with  which  I 
agree,  and  there  is  probably  some  bombardment  of  particles 
going  on  which  tends  to  separate  the  carbons.  The  movable 
carbon  then  floats,  as  it  were,  between  this  repulsive  action  and 
the  pressure  of  the  spring. 

I  should  mention,  however,  an  ej])eriment  which  contirms 
some  of  the  foregoing  statements.  I  have  temporarily  repiaeetl 
the  carbons  by  platinum,  and  at  the  points  of  contact  I  placed 
a  very  small  quantity  of  oil — so  small  that  the  whole  of  it  could 
be  seen  and  observed  under  the  microscope.  This  arrangement 
makes  a  very  good  microphone,  and  acts  as  well  as  a  carbon 
one,  when  properly  adjusted;  but  there  is  a  great  disturbance  at 
once  in  the  oil  when  the  circuit  is  completed :  particles  0y  about 
in  all  directions,  and  at  the  point  of  contact  air  bubbles  rise  and 
escape,  ebullition  goes  on,  and  sometimes  a  thin  film  of  Bmoke 
arises,  showing  the  presence  of  heat.  By  continued  observation 
'  the  action  through  the  microscope,  and  watching  the  rapidity 
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^■nth  nhicb  the  floatingj^particles  in  the  oil  rotate,  a  very  good  xi.  Btrob 

^HtiiDa.te  can  be  formed  of  the  amount  of  beat  present,  compared 

^^me  time  with  another;  and  whenever  the  microphone  was  in  its 

best  adjustment  the  amount  of  heat  appeared  to  be  about  the 

^Bame.      It  also  appears  that  one  side  of  the  contact  becomes 

hotter  than  the  other,  the  particles  in  the  oil  flying  very  quickly 

from  one  to  the  otiier,  and  returning  slowly.     I  have  tried  to 

establish  a  connection  between  this  movement,  of  particles  and 

le  direction  of  the  electricj  carrent,  but  failed.     I  have  some- 

les  been  able  to  reverse  the  effect  by  reversing  the  battery, 

it  at  other  times  a  reversal  of  the  battery  did  not  make  the 

jgbtest  difference. 

The  active  state  of  the  microphone,  I  think,  ought  ahvaya  to 

considered  quite  separately,  because   the  effects  which  take 

(lace  during  this  condition  appear  to  me  to  be  diflerent  to  those 

'hich  take  place  during  the  passive  state.      If  we  begin  with 

carbon   contacts   which    are  new   and    have   not   been   used   as 

microphones  before,  and  leave,  in  the  first  instance,  a  gap  across 

the  contacts  (the  battery  and  telephone  connected),  and  screw  up 

the  spring,  the  very  moment  that  the  carbons  touch  a  click  is 

beard  in  the  telephone,  and  the  loose  carbon  is  driven  away.     If 

the  spring  is  strong  enough  to  bring  it  back  again,  this  action  is 

repeated,  and  goes  on  in  a  similar  manner  as  the  Lammer  of  an 

IUectric  bell.  If  now  the  spring  is  tightened  up,  the  number  of 
repulsions  l>ecome  more_  frequent,  until  the  point  is  arrived  at 
when  the  frequency  of  the  repulsions  is  such  aa  to  produce  a 
musical  note.     The  vibration  of  the  movable  carbon  can  still  be 

E;n,  but  as  the  spring  is  tightened  so  rises  the  pitch  of  the  note, 
d  presently  all  is  quiet.  That  is  the  transition  from  the  active 
the  passive  state.  The  vibrations  which  I  described  just  now 
the  active  state  of  the  microphone  are,  I  believe,  very  similar, 
or  the  same  as  the  vibrations  which  are  caused  when  speech  or 
sounds  are  transmitted  through  the  microphone.  I  will,  however, 
not  attempt  to  explain  their  origin,  but  will  simply  confine  my 
Iremarks  to  the  more  mechanical  effects. 

In  a  microphone  which  is  properly  adjusted,  and  whose  area  of 
'contact  is  such  as  to  be  suitable  for  the  transmission  of  cunfta.U, 
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the  step  from  the  passive  state  to  the  active  state  is  exceedingly 
Email,  and  the  closer  the  two  conditions  are  brought  together  the 
more  sensitive  ia  the  microphone.     If  we  imagine  the  adjustment 
in  euch  a  delicate  or  sensitive  condition,  we  can  understand  that 
the  slightest  mechanical  disturbance  of  the  carbons  will  disturb 
this  equilibrium  and  throw  it  momentarily  into  the  active  state. 
I  Lave  made  some  experiments  with  regard  to  this  condition,  but 
they  are  difficult  to  show  to  the  meeting,  iirst,  because  only  o^^| 
person  is  able  to  see  or  hear  what  I  mean ;  and,  in  the  secon^^ 
place,  because  sometimes  the  arrangement  takes  a  good  deal  of 
ceasing  and  adjusting  to  get  the  desired  effects.     However,  we 
will   try.      [Referring   to    the    inetrumenf}    Perhaps    Professor 
Silvanus  Thompson  will  kindly  listen  at  the  telephone  while 
manipulate  the  adjustment? 

Professor  S,  Thomfsos  :  I  hear  clearly. 

Mr.  A.  Stroh  ;  Will  you  please  to  observe  closely  the  quality 
or  timbre  of  the  sound  with  which  the  watch  ticks  ?  Do  you  hear 
a  difference  in  the  quality  now  ? 

Professor  S.  TnoMrsoN  :  It  is  quite  different. 

Mr.  A.  SxHon:  By  a  little  "dodging"  I  can  obtain  all  kinds 
of  quality  of  sound  in  the  ticking  of  the  watch — sometimes  high, 
sometimes  low  notes.  This  effect  has  interested  me  very  much, 
for  it  is  clearly  not  the  tick  of  the  watch  we  hear  in  the  telephone, 
but  the  viicrophone's  own  sounds,  started  by  each  ti<A  of  Ote 
watch. 

I  have  gone  a  step  further,  and  have  thought  it  probable  that 
the  transmission  of  sound  or  speech  through  a  microphone  is 
brought  about  in  a  similar  way  as  that  described  in  connection 
with  the  watch.  ^Mien  speech  is  being  transmitted  each  single 
sotmd  wave  reaching  the  contacts  must  distturb  the  equilibriom 
of  adjustment,  and  the  microphone's  tendency  of  setting  up 
vibrations  of  its  own  must  assist  the  disturbance  caused  by  the 
sound  waves.  The  two  effects,  then — the  one  the  result  of 
mechanical  movement,  the  other  the  result  of  heat — eeem 
me  to  be  bound  up  together. 

In  otheT  words,  it  would  appear  that  the  mechanical  mo' 
ments  due  to  sound  waves  have  the  effect  of  governing  and  con- 
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trolling  the  frequency,  amplitude,  and  form  of  the  vibrations 
which  the  microphone  seta  up  through  every  disturbance  of  its 
eqaitibrium. 

The  Peesident:  Out  time  is  getting  short,  bat  Professor 
Forbes  has  a  few  remarks  to  make,  and  if  he  is  unable  to  finish 
them  before  10  o'clock  we  must  adjourn  the  discussion;  indeed,  I 
intended  to  adjoum  the  discussion  in  any  case. 

Professor  G.  Forbes:  I  understand  it  is  wished  that  the 
adjonrument  may  take  place  now. 

The  PBEamENT :  Very  well. 

A  ballot  took  place,  at  which  the  following  candidates  were 
elected: — 

Aaaoeiate: 
Edward  Ernest  Baugh. 

Students: 
Charles  Barter.  |  Kichard  William  Hayne. 

Charles  S.  N'orthcote. 

The  meeting  then  adjourned  until  February  24th, 
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The  Ooe  nandred  and  Sizty-thiid  Ordinal;  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thorsday  evening, 
February  24th,  1887 — Sir  CHiKi.ES  T.  Bright,  JL  Inst.  C^^ 
President,  in  the  Chair- 

The  mioates  of  the  previons  meeting  were  read  and  confirmed. 

The  names  of  new  candidates  were  announced  and  suspended. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  trom  the  Institation  of  Civil 
Engineers ;  the  Committee  of  the  Kew  ObEen~atory ;  J.  J.  CoUnan, 
Esq. ;  Professor  G,  Carey  Foster,  FJt.S.,  Past-President ;  K.  von 
FiBcher-Trenenfeld,  Member ;  and  J.  A.  Beriy,  Associate ;  to  all 
of  whom  a  hearty  vote  of  thanks  was  accorded. 

The  PRESiDEyT  E^tated  that  a  letter  had  been  received  irom 
lAdy  Bateroan-Cbampain  expressing  her  high  appreciation  of  the 
tribute  paid  by  the  Council  and  members  of  the  Society  to  the 
memory  of  her  husband,  and  of  their  sympathy  with  herself  in 
her  affliction. 

The  PRE3IDEST:  As  a  copy  of  the  annual  balance-sheet  has 
been  sent  to  each  member,  I  presume  that  it  may,  a*  on  former 
occasions,  be  taken  as  read,  and  I  beg  to  move  that  it  be  received 
and  adopted.  If  any  member  desires  to  put  any  question  in 
reference  to  it,  the  Honorary  Treasurer  or  the  Secretary  will,  I 
am  sure,  be  happy  to  afford  any  further  information  required. 

Mr,  J.  N.  ShooLBBEd  seconded  the  motion. 

Mr.  E.  Geaves  :  I  should  like  to  make  a  remark  in  respect  of 
one  item  in  the  balance-sheet.  It  will  be  seen  that  among  the 
items  of  "  extraordinary  expenditure "  there  is  a  sum  of  £50, 
representing  the  Society's  contribution  towards  the  expenses  of 
the  President's  Conversazione.  Through  the  liberality  of  our 
Past-President,  Professor  D.  E.  Hughes,  I  am  glad  to  announce 
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that  be  has  presented  that  sum  as  a  contribution  to  the  Society's 
'elegraph  Jubilee  Fund,  about  which  you  will  shortly   receive 
cuLars;  and  I  am  sure  the  members  wilt  duly  appreciate  his 
kiuduess. 

»The  anuouTiceraent  was  received  with  applause. 
No  question  in  reference  to  the  balance-sheet  Laving  been 
ked,  the  President  put  the  motion,  which  was  carried  Tifftii.  con. 
The  adjourned  discussion  on  Professor  Silvanus  Thompson's 
iper  on  "  Telephonic  Investigations  "  was  then  resumed. 


Professor  GeoRue  Forues  described  and  eshibited  in  action  a  pio'mkb 


in 


new  teiejihone  transmitter  which  had  been  shown  to  the  Koyal 
Society  the  same  day.  It  consists  of  a  fine  platinum  wire 
stretched  in  a  sUt  in  the  base  of  a  mouth-piece.  This  wire  is 
heated  by  the  passage  of  an  electric  current.  The  vibrations  of 
the  air  cool  the  wire,  diminish  its  resistance,  and  vary  the 
strength  of  current,  thus  causing  it  to  act  as  a  transmitter, 
articnlate  speech  being  fairly  well  reproduced. 

He  then  asked  Professor  Thompson  to  eliminate  from  his 
per  the  paragraph  in  which  he  accused  the  scientific  world  of 
orance  about  tbe  action  of  polarised  relays  and  telephone 
leivera.  Professor  Thompson  saddles  us  with  the  belief  that 
becauae  the  variation  of  magnetism  due  to  a  small  change  of 
current  does  not  increase  with  the  initial  magnetisation,  therefore 
initial  magnetisation  ought  not  to  increase  the  sensitiveness  of  a 
telephone  receiver  or  a  relay.  This  may  be  Professor  Thomp- 
son's view,  but  he  has  no  right  to  charge  us  with  the  same. 
Of  course  the  sensitiveness  of  the  instrument  is  proportional  to 
the  attraction  exerted,  which  itself  is  proportional  to  the  square 
the  magnetisation.  If  M  is  the  initial  magnetisation,  and  m 
,he  variation  due  to  the  current,  the  attraction  when  the  current 
flowing  and  when  not  flowing  is  M'  -)-  2  I^I  »i  +  m'  and 
*  respectively,  and  the  difference  is  2  M  /«  +  m',  which 
represents  the  sensitiveness  of  the  instrument.  This  is  enor- 
mously increased  by  making  M,  the  initial  magnetisation,  large, 
even  though  m  were  somewhat  smaller  for  high  degrees  of 
magnetiaation. 
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»fa*«^-         Major-General  Webber,  C.B.  :   We  have  not  heard  mnch  in 
the    course   of   Professor    8.    Thompson's    paper  of    the   good 
qualities  of  bis  membrane  receiver ;  but  I  hope  in  bis  reply  he 
will  tell   as   a   little   more,  not   only  as   regards  its   ingenioOB 
construction,  but  also  the  experience  that  has  been  acquired  in 
its    use.      I   have   from    time    to    time    found   bis    membrane 
receiver  in  use  on  small  telephone  lines  in  various  parts  of  the 
country,  and  on  no  occasion  have  I  found  any  of  them  out  of 
order.      Considering  that  the  membrane  under  normal  cirL'um- 
stances  must  be   very  susceptible   to  damp,  it   shows   that    bis 
construction  and  mode   of  covering  it   must   be   good   to   have 
attained  success  with  telephones  that  have  been  installed  for  con- 
siderable periods  of  time  in  damp  situations.     In  connection  with 
the  sentence  where  I'rofesjior  Thompson  says  that  the  clue  to 
long-distance  telephony  is  being  followed  up  in  the  way  he  has 
described,  we  all  must  have  regretted  that  Mr.  Preece  brought 
our  minds  immediately,  with  reference  to  that  part  of  the  subject, 
to  the  contemplation  of  the  comparatively  large  currents  which 
are    used  with    intermitting  telegraph  machines,  and   did   not 
sufficiently  impress  upon  us  the  difference  of  the  nature  of  the 
work  performed  under  the  two  conditions,  viz.,  by  currents  used 
in  that  way  and  telephonic  currents.     We  all  know  that  with 
such  machines   as  the  IMeyer,  Scbieffer,  Baudot,  and  others,  in 
which  intermittent   currents   are   used  which   are   undoubtedly 
caused  by   distinct  makes  and  breaks,   we  are   dealing    with  a 
current  of  "012  of  an  ampere,  or  something  of  that  kind,  and 
that  the  capacity  of  a  line  for  those  currents  is  soon  reached; 
and  the  state  of  a  line  when  the  intermissions  are  too  rapid 
becomes  what  used  in  America  long  ago  to  be  called  a  "  blocked 
current."      These   systems   are   rather  means    of   mechanically 
analysing  those   currents,   as   compared   with   the   reception  of 
telephonic  currents  ;  but  there  is  one  system  which  I  think  more 
nearly  approaches  the  old  description  of  the  telephonic  current — 
viz.,  the  undulatory — in  its  manner  of  reception  of  the  electricity, 
and  that  is  the  harmonic  system  of  Klisba  Gray.     There  you  have 
a  totally  different  kind  of  analysis,  and  one  far  more  resembling, 
Ear  more  capable  of  being  used  as  a  practical  illustration  of  the 
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ion  or  the  variation  of  intensity  of  telephonic  currents,  and  far  w^J;^" 
more  likely  to  elucidttte  that  question  of  the  capacity  of  a  line  for 

Pg-distance  telephony,  than  any  of  the  instruments  to  which 

.  Preeee  referred.  h 

I  ara  Borry  to  have  again  to  refer  to  what  Mr.  Preeee  said  on  I 

the  first  evening  of  our  discussion,  and  I  am  sure  that  when  he  saw  M 

^■be  shorthand  writer's  notes  of  what  he  had  said  and  the  words  he  H 

had  used,  no  one  regretted  more  than  he  did  the  apparent  asper-  H 

I  -jaion  which  he  cast  upon  Professor  Silvanus  Thompson's  motive  for  H 

^Bringing  his  paper  before  us.     It  is  a  subject  which,  of  course,  one  H 

^Bould  rather  avoid;  but,  considering  that  this  is  the  first  year  H 

MDce  the  introduction  of  the  telephone  that  our  Society  has  taken 
^^up  this  question  seriously,  I  think  we  must  not  forget  that  that 

^^ery  thing  which  Mr.  Preeee  deprecates  has  become  a  fact,  and  H 

that  is,  that  the  use  of  the  telephone  is  a  monopoly.     Now  none  ■ 

of  us  have  any  wish  other  than  to  respect  the  rights  of  inventors,  fl 

and  to  give  them  the  respect  and  reward  that  they  are  entitled  to,  ■ 

and  not  only  themselves,  but  those  to  whom  they  have  transferred  I 

those  rights ;  but  when  we  find  that  the  combination  of  a  tension  H 

regulator  of  carbon  and  of  a  tympan   or   diaphragm   is   to   be  H 

interpreted  in  the  way  in  which  it  apparently  now  is,  when  almost  H 

everything  is  a  carbon  tension  regulator,  and  the  himian  body  H 

^Hreu  is  classified  as  a  tym^jan,  I  think  we  would  all  of  us  say  that  H 

^^ft  has  gone  too  far.      Now  no  one  who  recollects  the  acclaim  with  H 

which  Professor  Graham  Bell  was  received  in  this  room  many  H 

years  ago  can  say  that  we  in  England  did  not  wish  that  he  should  J 

receive  all  the  honour  to  which  he  is  entitled,  and  be  well  rewarded.  ■ 

But  it  is  now  nearly  ten  years  since  something  occurred  in  Paris —  H 

of  which  I  am  probably  the  only  witness  now  alive — which  I  think  ■ 

points  out  very  clearly  what  was  the  mind  of  Europe  at  that  time  H 

in  connection  with   that  great  invention,  and  also  shows  that,  H 

although  people  were  ready  to  give  Professor  Bell  all  the  credit  H 

that  was  his  due,  they  also  regarded   others   as   having  equal  I 

credit  OS  discoverers  in  the  same  direction.     I  was  British  Juror  ■ 

for   telegraphs   and  electrical  apparatus    for    the    International  H 

Exhibition  at  Paris  in  1878,   and,  under  the  presidency  of  M.  ■ 

Becquerel — a  very  distinguished  Frenchman,  and  well  known  va  H 
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electrical  annals — the  jnry  considered  Edison,  Bell,  and  Eliaha 
Gray  as  probable  candidates  for  the  Grand  Prix.  As  vice- 
president  of  the  jury  it  was  referred  to  me  to  make  a  report  ae  to 
which  of  those  three  I  thought  was  entitled  to  that,  the  highest 
distinction  that  was  then  given  in  France.  Count  du  Moncel,  a 
very  well-known  expert,  was  asked  to  assist  me,  and  we  worked 
together  for  one  afternoon  esamining  all  the  documentary  evidence 
(including  the  caveats  of  1876  of  both  Bell  and  Gray)  which 
was  then  to  be  found  in  Pane.  There  was  no  question  as  to 
Edison's  claim  to  honour;  but  when  we  came  to  examine  the 
claims  of  Bell  and  Gray  to  be  the  discoverer  of  the  articulating 
telephone,  we  arrived  at  the  following  conclusion : — That ,  while  Gray 
was  the  original  searcher  after  an  articulating  telephone,  Bell  was 
the  oue  who  discovered  it ;  i.e.,  that  Elisha  Gray,  while  searching 
to  produce  an  articulating  telephone,  found  a  harmonic  telegraph, 
and  that  Bell,  while  searching  for  a  harmonic  telegrajjh  (which 
was  what  he  wanted ),  found  the  articulating  telephone.  Under 
Ihose  circumstances  I  reported,  with  the  full  concurrence  of  M.  du 
Moneel,  and  it  was  unanimously  accepted  by  the  jury,  that  those 
two  gentlemen  were  equally  entitled  to  the  Grand  Prix ;  and  if 
our  judgment  was  a  right  one  I  can  only  say  that,  while  Bell  has 
received  his  desert  both  in  honour  and  reward,  Elisha  Gray  hiui 
fallen  far  short  of  what  he  ought  to  have  received  for  his  exertions 
over  many  previous  years,  and  that  the  monopoly  which  has  been 
conferred  by  our  courts  of  law  on  the  owners  of  the  Bell  and 
Edison  iu-struments  embraces  a  much  wider  field  than  equity 
justifies. 

Professor  W.  E.  Ayrton  :  The  question  as  to  whether  initial 
magnetism  increases  the  sensibility  of  magnets  was  fully  developed 
in  the  Electrician  of  February  19th  by  Mr.  Oliver  Heavidde, 
who,  in  a  most  interesting  contribution,  mentioned  the  expression 
which  was,  I  think,  fairly  well  known  among  electricians  some 
time  ago.  It  is  not,  as  Professor  Forbes  has  pointed  out,  simply 
a  question  of  the  addition  to  the  amount  of  induction  that  is 
produced  by  a  given  addition  to  the  magneto -motive  force  that 
settles  whether  it  is  well  to  have  a  large  initial  magnetism  or 
not,  but  the  product  of  this  extra  induction  into  the  magnetising 
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force  that  determines  the  diange  of  force  exerted  on  an  attntcted  ^^^^'i 
body,  and  which  is  what  we  desire  to  make  large. 

Professor  8.  Thompson  has  given  a  very  poetic  description  of 

the  action  of  the  microphone :  it  is  an  ahnost  Tyndalian  account  M 

of  the  bombardment  of  the  molecules ;  and,  do  you  know,  X  think  W 

that  Professor  S.  Thompson  not  only  shares  my  admiration  of  the 

beanty  of  natoral  phenomena,  bnt  is  carried  away  by  it  to  use  an 

elaborate  description  for  a  very  simple  effect?     No  doubt  the  M 

action  of  the  arc  lamp  can  be  poetically  described  as  the  bom-  V 

bardment  of  the  particles  going  from  the  positive  carbon  to  the  J 

negative  carbon,  but  for  ordinary  purposes  we  call  it  an  arc  lamp ;  I 

90  for  ordioary  puposea  I  am  inclined  to  think  that  we  must  call  H 

the  action  of  the  niicrophone  the  action  of  a  very  great  number  ■ 

of  small  arcs.     My  reason  for  thinking  so  is  the  result  of  ezperi-  H 

ta  described  in  a  paper  by  my  colleague  and  myself  on  the  I 

dEtance  of  the  electric  arc,  by  which  I  mean  simply  the  ratio  of  I 

the  potential  difference  of  the  carbons  to  current — for  there  ia  no  I 

other  meaning — varies  with  the  current  in  such  a  way  that  the  I 

potential  difference  between  two  carbon  points  at  a  Used  distance  H 

^>art  is  nearly  constant  for  very  different  currents.     And  it  was  H 

diown — if  I  remember  correctly,  by  Mr.  Shelford  Bidwell — that  the  I 

resistance  of  a  microphone  varies  in  much  the  same  way ;  and  we  H 

pointed  out  at  the  time  that  this  similarity  in  the  variation  of  H 

resistance  with  the  current  being  of  the  same  kind  in  the  two  ■ 

cases,  there  was  a  good  reason  for  thinking  that  the  circuit  in  a  I 

microphone  and  the  circuit  in  the  arc  were  much  of  the  same  I 

nature.     And  I  still  think  that  there  is  a  very  good  reason  for  ■ 

thinking  that  since  the  variation  of  resistance  of  a  microphone  I 

lod  the  variation   of    the  resistance   of    an  arc   follow   atmo;3t  I 

identically  the  same  laws  it  is  probable  they  are  the  same  in  I 

action.     The  question  as  to  the  reason  why  heat  improves  the  ■ 

ution  of  the  microphone  is  interesting,  and  I  think  that  if  it  I 

»ere  possible  to  heat  the  space  between  the  carbons  an  arc  might  I 

be  started  without  patting  the  carbons   together  at  all.     Heat  I 

iliminishes  the  resistance  of  the  air,  and  I  believe  that  if  the  I 

action   of  the   microphone  is  improved  by   heat   it   is   because  I 

beat  dimimshes  the  resistance.     Why  heating  one  part  of  tk«  I 
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maoplkaat  improves  the  acdoo,  I  think,  is  for  th«  very  same 
K—Ofi  tiMt  in  the  ordiitaiy  arc,  as  ve  kotnr,  the  positire  carbtm  a 
TCT^Bodi  hotter  than  the  negative  carbon,  for  this  h  a  state 
vbicfa  facilitates  the  discharge  of  tlie  shower  of  carbon  particlea. 

Going  to  the  qnestion  of  magnetism.  Professor  Thompson 
mestionfl  that  for  his  indnction  coil  he  tried  an  iron  ring — that 
'  ii^  be  oaeH  a  doeed  xFiagnetic  circoit — bnt  was  compelled  to  give 
it  up  on  the  score  of  espe&se.     There  seems  to  be  a  certain 
smonnt  of  vagueness  as  to  whether  a  cloeed  magnetic  circuit 
■boold  or  ehooJd  not  be  tised  in  an  induction  coil,  and  I  think 
the  reason  is  that  sometimes  inquirers  bring  high  mathematics  to 
bear  on  the  sobject,  and  do  not  apply  the  simple  reasoning  of 
common  ?ense.     I   may  remind  j-ou  that  Lord  Rayleigh,  on  this 
very  point,  made  a  ctirioas  mistake,  which  he  has  since  corrected, 
in  considering  whether  a  closed  magnetic  circuit  should  or  should 
not  be  osed  in  a  secondary  generator.     He  mentioned  that  his 
opinion  was  that  a  closed  magnetic  circuit  was  very  bad  for  a 
secondary  generator ;  bnt  of  course  all  practical  men  know  that 
that  is  not  so,  but  that  a  closed  circuit  is  very  good  for  a  secondarr 
generator.  The  real  fact  is  this :  the  late  Comte  du  Moncel  told 
me,  many  years  ago,  that  he  tried  it  for  an  ordinary  induction 
coil,  and  found  that   it   was   not  good.     He   used  an  ordinary 
primary  and  secondary  coil,  and  by  means  of  a  contact-maker 
got  an  induced  current ;    he   thought   he   would  improve    the 
action  very  much  by  making  the  core  like  that  of  a  Gramme 
ring,  but  be  found,  on  trying,  that  he  got  a  very  bad  indnction 
coiL     We  know  that  in  a  closed  iron  ring  it  is  very  difficult  to 
remove  the  lines  of  force  by  merely  stopping  the  current,  and 
that  was  why  Du  Moncel  failed  to  get  good  results,  but  he  did 
not  know  why  at  the  time.     If,  however,  the  current  be  reversed, 
then  a  closed  ring  is  better  than  a  piece  of  straight  iron  euch  as 
is  ordinarily  used  in  an  induction  coil.     Therefore,  in  1872,  I 
added  a  reversing  contact-maker  to  an  induction  coil  I  had  in 
Hombay,  and  then  a  closed  magnetic  circuit  was  a  great  improve- 
ment.    If  I  understood  Professor  S.  Thompson's  plan  properly, 
i-he  never  revereed  the  primary  current  of  his  telephone  induction 
boil,  but  only  altered  its  atrength ;  and  under  those  circumstances 
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it  seems  to  me  that  it  would  be  quite  a  miatake  to  use  a  closed  ^"''J^' 
magnetic  circuit,  and  so  far  from  obtaining  a  better  induction 
il  by  using  a  closed  circuit  a  worse  effect  would  be  obtained. 

let  in  an  induction  coil  in  which  the  primary  current  ia  reversed 
a  closed  magnetic  circuit  would  be  an  advantage. 

Last  time  Mr.  I'reece  entered  into  t.liat  beautiful  solution  that 

ir  W,  Thomson  gave  some  years  ago  by  employing  what  he  has 
himself  called  a  "mathematical  poem,"  viz,,  Fourier's  "De  la 
Chaleur,"  Mr.  Preece  showed  how  Sir  W.  Thomson  determined 
the  speed  of  sigualling  in  a  submarine  cable;  and,  if  I  am  not 
mistaken,  Mr.  Preece  implied  that  the  same  reasoning  was 
Bofficient  for  a  telephone  line,  I  venture  to  differ  from  him 
altogether  on  that  point.  No  doubt  we  shall  have  to  take 
into  account  tbe  retardation  arising  from  the  fact  that  the 
wire  acts  like  a  cable;  but  I  believe  in  telephone  work, 
with  overhead  wires,  the  question  of  mutual  induction  and  aelf- 
indaction    is    infinitely  more  important   than   the   question    of 

tlectrostatic  induction.  The  laws  for  mutual  induction  are  uot  a 
it.  like  the  laws  for  electrostatic  induction,  and  therefore  they  do 
ot  apply.  Do  not  let  it  be  supposed  for  a  moment  that  I  am 
ven  suggesting  that  Sir  William  Thomson  did  not  think  of  this, 
^^ecause  in  his  original  letter  to  Professor  Stokes  he  said  distinctly 
^^Btat  if  the  cable  be  coiled  in  a  tank  then  the  retardation  due  to 
self  and  mutual  induction  must  be  taken  into  account ;  he  there- 
fore intimated  that  there  was  something  else  to  be  considered. 
But  a  straight  submarine  cable  is  a  conductor  with  great  electro- 
static capacity  and  very  small  self-induction,  whereas  an  overhead 
iron  wire  is  a  conductor  with  very  small  electrostatic  capacity  and 
very  large  self-induction.  Indeed,  Mr.  Preece  has  told  us  that  the 
electrostatic  capacity  of  an  overhead  telegraph  line  per  mile  was 
^^P>out  0'013  microfamd.  We  know  that  the  ca^iacity  of  a  sub- 
marine cable  is  about  0-3  or  0-4  microfarad  ]ier  mile;  therefore 
the  capacity  of  a  submarine  cable  is  about  30  times  the  capacity 
of  an  overhead  telegraph  line.  The  resistance  of  iron  is  only 
abont  seven  times  the  resistance  of  copper,  and  we  know  that  the 
speed  of  working,  as  far  as  electrostatic  retardation  is  concerned, 
depends  upon  the  ret^istauce  per  mile  and  the  capacity  per  mile  ; 
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conseqnently,  aa  far  as  electrostatic  retardation  is  concerned — 
which  was  what  Sir  William  Thomson  considered  in  his  famous 
solution  of  the  problem  on  the  speed  of  signalling — speaking  by 
telephone  will  be  more  readily  done  through  a  long  iron  wire 
than  through  a  submarine  cable  ;  but,  as  Mr.  Preece  has  said,  we 
cannot  telephone  more  quickly  through  an  iron  wire  than  through 
a  submarine  cable.  Now  the  reason  of  this  ia  because  the  self- 
induction  of  the  iron  wire  is  much  greater  than  that  of  the  copper 
cable  conductor.  That  shows  that  it  ia  self-induction,  and  not 
simply  electrostatic  retardation,  that  must  be  taken  into  account. 
As  to  self-induction,  I  liaye  already  hinted  t^at  the  laws  are 
quite  different.  I  have  not  had  time  to  work  out  the  complete 
problem  to  obtain  the  laws  of  speed  of  signalling  through  a  wire, 
taking  into  account  electrostatic  capacity,  resistance,  and  self- 
induction  ;  but  we  know  quite  well  from  our  experience  with 
ordinary  alt  em  ate- current  dynamos  what  is  the  sort  of  law,  as  far 
as  the  self-induction  of  the  circuit  affects  the  problem.  W©  know, 
forexample,  one  great  difference  that  exists  between  the  retardation 
arising  from  electrostatic  capacity  and  the  retjirdation  arising  from 
self-induction.  In  a  submarine  cable  electricity  ia  poured  in  at  one 
end,  but  hardly  any  at  first  received  comes  out  at  the  other  end : 
it  ia  somewhat  similar  to  a  long  narrow  tube  into  one  end  of 
which  water  ia  passed,  and  the  sides  of  which  yield  much  under 
pressure,  so  it  is  only  after  a  large  quantity  ha^  been  put  into  the 
tube  that  any  begins  to  come  out  at  the  other  end.  Now  self- 
induction  acta  quite  differently ;  it  does  not  make  the  current  at 
the  far  end  of  the  line  different  from  that  at  the  sending  end. 
The  current  ia  the  same  throughout  the  line;  all  that  self- 
induction  does  is  to  make  the  sending  current  weaker  by  exactly 
the  same  amount  as  it  makes  the  receiving  current  weaker,  and 
it  retards  them  both  equally  on  phase — i.e.,  it  makes  the  signals  a 
little  behindhand — but  while  it  delays  the  effect  it  does  not  delay 
the  effect  at  one  end  of  the  line  more  than  that  at  the  other. 
Self-induction,  then,  delays  the  signal  and  it .  diminishes  the 
strength  of  the  signal ;  and  what  1  want  to  impress  upon  yoa  is 
that  that  produces  exactly  the  same  effect  at  both  ends  of  the  line, 
which  is  not  at  all  the  effect  of  capacity.    Therefore  I  should  like 
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modify  the  calcalationa  arrived  at  last  meeting  by  Mr.  Preece  Pmtaiu 


t 

^^■faich  only  applied  to  electrostatic  ioductioti,  by  adding  the 
^^■ecessary  correcting  factors  depending  on  mutual  induction,  and 
^^T  ventore  to  think  that  the  results  would  be  very  different  from 
ose  he  arrived  at.  But,  be  that  as  it  raay — whether  it  be  true  or 
it  that  self-induction  is  the  important  factor  in  telephoning,  and 
it  electrostatic  capacity  (I  mean  for  overhead  telephone  lines) — I 
not  think  that  Mr.  Preece's  conclusion  was  right.  His  con- 
usion  was  that  because  Sir  William  Thomson  had  shown  that 
e  speed  of  signalling  depended  on  the  square  of  the  length, 
s,  therefore  it  was  unnecessary  and  useless  troubling  in  the 
ightest  about  the  receiving  instruments.  But  Sir  William 
homson  did  not  regard  his  own  result  in  that  way.  The  very 
■st  thing  he  did  trouble  himself  about  was  the  sending  and  re- 
iving instruments,  "  because,"  he  said,  very  naturally, "  if  I  can- 
lot  alter  the  condition  of  the  line,  I  can  alter  the  condition  of  its 
ds;"  and  you  know  that  the  reflecting  galvanometer  came  out  of 
as  also  did  the  siphon  recorder,  so  did  the  curb  key,  bo  did  the 
te  Cromwell  Varley's  excellent  condenser  method  of  signalling 
ill  employed;  and  I  have  not  the  slightest  hesitation  in  hoping 
,d  believing  that  in  some  few  years  we  shall  have  special  instru- 
ments for  sending  and  receiving  by  telephone.  What  I  object  to 
is  the  conclusion  that,  because  there  are  certain  deBuite  laws  well 
known  to  mathematicians  about  the  speed  of  signalling  through 
long  wirefi,  we  should  not  trouble  ourselves  about  the  receiving 
instrument. 

After  the  attacks  that  have  been  made  upon  the  reader 
of  the  paper,  I  should  like  to  say  just  one  word  about  the 
qaestion  of  patents.  I  happen  to  be  in  a  very  peculiar  position 
with  reference  to  telephones  in  that  I  do  not  own  shares  in  any 
company  whatever  (I  only  wish  I  did),  I  have  no  interest  what- 
ever, directly  or  indirectly,  in  any  telejilione  company  or  telephone, 
and  I  am,  perhaps,  therefore  in  a  better  position  to  consider  the 

(matter  more  from  a  scientific  jroint  of  view  than  if  I  had  an 
intentional  bias  in  some  direction.  Now  what  did  Bell  do  for  ua 
in  1876?  I  think  he  made  one  of  the  greatest  discoveries  of 
modeni  times.     He  showed  that  an  instrument  made  not  onVVka 
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s  •ocndOT  could  be  made  to  speak  to  another  instrament  not 
nnlike  a  aomider ;  and  I  venture  to  think  that,  whatever  may  have 
been  said,  nobody  before  Bell  anticipated  that  in  such  a  simple 
way  speech  could  be  transmitted.    But  the  question  is.  Do  we  use 
tint  method  of  tranamitting  speech?     We  do  not.     Between  two 
rooms  at  our  college  I  am  able  to  use  two  Bell  telephones,  one  aa 
a  transmitter  and  the  other  as  a  receiver,  but  in  ordinary  com- 
mercial work  two  simple  Bell  telephones  will  not  answer;  certainly, 
if  they  were  used  in  London,  telephoning  would  be  even  worse 
that  it  is  at  present,  if  possible.     Of  course  it  could  not  be  much 
worse  than  at  present,  because  the  lines  are  even  eliU  broken 
down,  but  I  mean  would  be  worse  even  if  the  lines  were  up. 
What,  then,  do  we  use  ?      Some   form   of  carbon  tranamitterj 
whether  it  be  called  a  Hughes,  Blake,  Johnson,  or  anything  else, 
it  is  some  form  of  microphone.      Now  the  microphone  is  not 
claimed  by  Bell.      I  am  not  going  into   the  question  whether 
Edison's  carbon  button  is  a  microphone — I  venture  to  think  it  is 
not — but  that  is  not  the  transmitter  we  use  ;  and,  that  being  so, 
I  do  not  see  that  it  is  an  infringement  of  Bell's  patent  or  an 
attempt  to  evade  Bell's  rights  by  endeavouring  to  do  something 
or  other  that  Bell  never  did  himself. 

The  President  :  We  cannot  adjourn  this  discussion  again,  and 
I  would  therefore  ask  any  other  members  who  are  desirous  of 
speaking  to  make  their  remarks  as  concisely  as  possible,  in  order  to 
give  Professor  Thompson  an  opportunity  of  repljing  this  evening 
to  the  different  arguments  and  observations  which  have  been 
made.  I  am  sure  that  we  could  not  expect  him  to  do  so  much 
under  three  quarters  of  an  hour. 

Mr,  H.  G.  Yatman  :  We  have  heard  frequently  here,  much 
about  the  action  of  microphones  and  telephones,  and  I  venture  to 
ask  whether  we  may  not  now  say  that  microphones  and  some 
telephones  speak  to  us  by  sonorous  electrical  discharges.  Do 
not  suppose  that  I  am  rushing  in  where  wise  men  have  said 
nothing,  for  in  support  of  this  contention  I  will  bring  names 
that  all  here  respect.  All  must  regret  that  Professor  Hughes 
refused  to  consider  the  molecular  bombardments  between 
nucrophonic  contacts,  which  Professor  Silvanus  Thompson  figured 
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t«  the  imagination,  and  asked,  "  Will  any  one  undertake  to  say  Mr. 
that  no  discharge  there  takes  place?"  Mj.  Stroh  advances  the 
.atter  when  by  aid  of  the  microscope  he  showH  to  the  material 
e,  with  2'latinum  contacts  and  a  fragment  of  a  drop  of  oil,  these 
bombardments,  and  further  adds  that  carbon  contacts  restrained 
by  a  spring  in  these  movements  give  a  note — a  singing.  Again, 
he  expresses  a  belief  that  the  microphone  has  sounds  of  its  own, 
governed  and  controlled  by  sound  waves  when  spoken  to.  In 
[pport  of  this  let  us  go  further,  and  in  a  direct  battery  cnirent 
d  to  a  microphone  a  "  grid  "  microphone  as  telephone.  Placed 
in  the  ear,  one  hears  words  spoken  in  the  microphone.  Have  we 
not  here  an  electrical  discharge  ?  I  must  not  detain  you  with 
.ny  examples,  but  take  you  to  the  experiment  of  the  late  Jlr. 
'unand.  Mr,  Giltay,  writing  of  this  in  a  paper  on  the  polarisation 
telephonic  receivers,  refers  to  a  microphone  with  a  battery  in 
e  primary  wire  of  an  induction  coil,  a  condenser  with  a  battery 
15  cells  in  the  secondary  wire,  and  shows  in  some  detail  how 
is  condenser,  charging  and  discharging  itself,  produces  perfectly 
what  is  spoken  in  the  microphone.  Nay,  he  even  says,  "  Thanks 
to  the  passive  character  of  the  leaves  of  tinfoil,  you  hear  the 
sound  reproduced  more  naturally  than  in  the  Bell  telephone." 
Again,  Mr.  Giltay  puts  two  condensers  in  a  battery  circuit  with  a 
selenium  resistance  and  makes  them  speak  to  each  other — a 
good  example  of  charge  and  discharge,  if  the  last  experiment  can 
be  called  such.  To  be  brief,  I  will  only  further  consider  Mr. 
Itay'a  famous  experiment,  in  which  he  uses  the  arrangement  of 
■.  Ihmand,  only  in  place  of  the  condenser  putting  two  living 
beings,  each  of  whom  takes  a  terminal  of  the  secondary  wire  in 
one  hand,  and,  placing  the  free  hand  on  an  ear  of  a  third  person, 
makes  him  to  hear  all  that  is  spoken  to  the  microphone.  lATiat 
hapjiens  in  this  case?  Without  anything  to  move,  with  no 
apparatus  beyond  the  hands,  they  give  what  is  spoken  to  the 
microphone  in  what  I  invite  you  to  call  sonorous  electrical 
discbarges.  That  they  are  sonorous  there  is  ample  evidence ; 
at  they  ore  electrical  discharges  I  ask  you  to  say  with  Mr. 
iltay  and  Mr.  Hospitalier. 
Professor  J.  A.  Flemisg  :  I  would  just  like  to  make  a  very  J^^'^ 
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few  remarks  with  respect  to  that  section  of  Professor  Thompson's 
paper  which  deals  with  what  he  calls  the  "  transformer,"  or, 
use  a  more  familiar  word,  the  indoction  coil.     The  imports 
quantity  which  has  to  be  considered  in  an  ordinary  aerial  lloe 
which  electrical  pulsations  are  being  set  up  is  that   to   whlclT 
Lord  Rayleigh  has  given  the  name  of  the  "  throttling,"  and  whic 
is  measured  by  the  square  root  of  the  sam  of  the  squares  of 
ohmic  resistance  and  product  of  frequency  and  self-induction, 

symbolically,  */  R'  +  p'  L'.     In   a    telephone    line    the 

induction   of  the   secondary   circuit  is  due  partly  to  the   line 
and  partly  to  tbe  secondary  coil  of  the  transformer,  and  it  is 
obviously   desirable  to  so  proportion  the  circuits  of  the  trans- 
former that  the  coefBcient  of  mutual  induction  is  as  large  as 
possible  and  the  coefficient  of  self-induction  as  small  as  possib]^^| 
Unfortunately  it  is  only  too  easy  to  do  the  opposite,  but  I  cannot 
help  thinking   that   a   very  careful  investigation   would   reveal 
possibilities  of  greatly  improving  the  design  of  transformer  now 
used,  with  benefit  to  the  general  result.   To  pay  attention  wholly 
to  the  line,  and  not  at  all  to  the  transformer,  is  not  entirely 
have  dealt  with  the  difficulties  of  telephonic  transmission. 

Professor  SrLVANos  P.  Thompsok,  in  reply,  said  :  Mr.  President 
and  gentlemen, — It  is  the  custom  in  another  place,  when  a  mem- 
ber rises  for  the  first  time,  to  deal  tenderly  with  his  maiden  effort ; 
and  though  I  can  hardly  say  that  the  occasion  of  the  reading  of 
my  paper  is  the  first  time  that  I  have  risen  to  speak  in  this  room, 
certainly  my  maiden  effijrt  at  writing  papers  for  this  Society  has 
received  a  large  amount  of  kind  attention  from  my  friends.  I 
certainly  cannot  complain  on  that  score;  and  when  I  rise  to 
answer  the  criticisms  that  have  been  made,  the  difficulty  is  to  find 
something  that  has  not  been  answered,  because  it  seems  tx)  me 
that  nearly  all  the  speakers  who  have  taken  part  in  the  discussion 
have  either  answered  one  another  or  have  touched  upon  the 
matter  in  such  a  way  as  to  leave  me  scant  room  to  reply.  How- 
ever, I  propose  to  say  something  in  reply  to  every  speaker,  and  I 
will  deal  with  them  in  the  reverse  order  to  that  in  which  the: 
have  spoken — the  last  first. 
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Professor  Fleming  has  certainly  not  empbasieed  the  importance  Prfittton^ 
of  the  induction  coil,  or  transformer,  more  than  I  myself  would 
b  to  do.  I  did  not  in  my  paper  enter  into  all  that  I  have 
e  in  the  way  of  constructing  induction  coils.  For  example,  I 
hnd  on©  here,  but  it  was  left  in  the  bag  underneath  the  table — an 
induction  coil  or  transformer  of  the  form  of  a  short  cylinder  of 
large  diameter,  the  core  consisting  of  a  bundle  of  iron  wires  about 
fi  centimetres  in  length.     The  secondary  was  wound  in  two  halves, 

ith   the   primary  coil  between.     That  form  worked  extremely 

eil,  but  it  was  rather  awkward  to  build.  I  considered  also  how  to 
make  the  mutual  induction  a  maximum  mthout  increasing  the 

If-induction.  Suppose  yon  have  a  primary  coil  with  self-induc- 
ion  L,  and  the  self-induction  of  the  secondary  is  L,  then  the 
square  root  of  the  product  y/hl  would  be  equal  to  the  mutual 
induction  between  those  two,  provided  the  primary  and  secondary 
oita  could  be  brought  to  absohite  coincidence  with  one  another. 
This  is,  of  course,  physically  impossible  in  many  cases,  but  may 
be  done  by  putting  one  conductor  inside  the  other,  a  wire  going 
int^ide  a  tube.     But  as  a  matter  of  fact  the  coefficients  of  mutual 

duction  are  always  less  than  the  geometric  mean  of  the  co- 
efficients of  self-induction.  If  you  take  two  coils  and  put  them 
miles  apart  they  have  self-induction,  but  no  mutual  induction. 
If  they  are  made  to  approach  to  within  a  short  distance  there  is 
mutual  induction,  and  the  nearer  they  approach  the  greater  is  the 
amount  of  mutual  induction.  Of  course  their  apparent  self- 
induction  may  be  altered  by  the  presence  of  the  mutual  induction, 
as  everyone  knows  who  has  worked  with  alternate  cturents  for 

stribution  purposes.     My  object  was  to  obtain  a  shape  of  coil 

'hich  would,  for  given  values  of  self-induction,  have  the  maxi- 
mum of  mutual  induction.  Now  it  occurred  to  me  that  in  the 
usual  elongated  form  of  induction  coil  the  very  form  involves  a 
greater  amount  of  self-induction  in  the  secondary  circuit  than  is 
necessary  in  obtaining  the  requisite  mutual  induction.  From  the 
jiurely  self-induction  point  of  view  the  elongated  cylinder  with  an 
iron  wire  core  le  about  the  worst  form  of  coil  you  can  have.  Take 
simply,  say,  a  telephone  receiver,  and  suppose  you  are  going  to 

mt  into  that   a   certain    amount  of  fine  wire,  and  you  have  ft 
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■ad  BB  inn  pbte :  bow  will  yoa  wind  it  ?  Will  yoa  wind 
It,  all  along  the  iroo  in  s  tuurow  cylinder  ?  or  will  joa  put  it  at  one 
aid,  and,  if  bo,  what  fonn  will  roa  give  it  ?  Of  eaane  jon  wsnt 
to  bare  the  grestest  effect  at  the  magnetic  gap  between  the  pole 
and  the  piste,  which  is  the  point  of  greatest  sensitiTeoess  ia  the 
magnelic  circuit ;  but  70a  will  get,  mo^  certainly,  &r  less  self- 
iodnction,  and  far  less  "  throttling,"  if  too  wind  yonr  wire,  as  is 
always  done,  in  a  small  coil  at  one  end,  than  if  yon  wind  the  same 
amoont  of  wire  altmg  the  magnet.  It  was  described  long  ago  in 
Bell's  own  researches— how  he  gradually  shortened  and  shortened 
the  wioding  till  nothing  was  leH  hot  a  coil  on  one  end.  Why  ? 
Because  if  yon  put  the  coils  all  along  you  may  get  a  larger 
magnetising  effect  for  steady  currents,  bat  ron  will  also  get  a 
reduction  in  the  magnetising  effect  of  rapidly  reversed  currents, 
bManse  the  additiooal  tnms  of  wire  introduce  disproportionate 
s«lfHndaction,  and  are  actually  detiimentaL  I  should  add,  in 
reply  to  Professor  Fleming's  fcrther  question,  that  I  think  il 
beycHid  doubt  that  every  induction  coil  tends  to  transmit  electric 
impulses  of  one  periodicity  better  than  another.  It  depends  on 
the  construction  of  the  coil. 

Professor  Ayrton  pointed  out — what  is  perfectly  true — that  a 
cWed  magnetic  circuit  is  of  no  value  per  s(  in  a  transformer, 
unless  you  reverse  the  current.  You  must  not  simply  break  it ; 
yon  must  reverse  it.  That  is  exactly  what  I  do.  I  employ  two 
primaries,  as  shown  in  the  arrangement  of  my  differential  circuits 
shown  in  Figure  8,  with  a  transmitter  in  one  circuit  and  a  small 
resistance — which  I  call  a  balancing  resistance — in  the  other  circuit. 
The  battery  current  divides  between  the  two.  If  the  resistances 
of  the  two  parts  were  equal  the  current  would  6ow  equally  each 
way  and  there  would  be  no  magnetism  at  all.  But  I  find  the 
be«t  effects  to  be  given  when  the  balancing  resistance  is  a  little 
less  than  the  average  working  resistance  of  the  transmitter.  I 
have  tried  to  measure  this  resistance  in  various  ways,  and  I  have 
come  to  the  conclusion  that  my  core  was  actually  having  its 
magnetism  rapidly  reversed  while  the  transmitter  was  at  work. 
Among  the  coils  I  have  used  was  one  made  in  annular  form,  the 
core  being  of  fine   wire.    The   arrangement   was    exactly   like 
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'aradaj'd   uriginal   ring,  tlie  first   trnn^former  ever   made,  and  J™'*" 
which  mixv  be  seen,  represented  in  marble,  held  in  the  hand  of 

the  statue  of  Faraday  where  it  standa  in  the  Royal  Institution.  I 

That  ring,  having  a  closed  magnetic  circuit  with  a  primary  and  I 

a  secondary  coil  upon  it,  I  take  to  be  the  true  type  of  all  trans-  I 

formera.     I  got  good  results  from  that  arrangement,  but  it  was  I 

at  least  five  times  more  costly  to  make  than  the  ordinary  pattern  I 

that  can  be  wound  in  the  lathe,  and  I  gave  it  up  on  that  account.  I 

I  then  tried  another  method.     I  had  not  then  heard  of  Ziper-  I 

Dowski  and  Deri's  method  of  making  transformers,  and  therefore  I 

my  work  was  independent  of  theirs.     I  took  a  hank  of  fine  wire  I 

and  a  hank  of  coarse  wire,  as  primary  and  secondary.     I  divided  I 

the  coarse  wire  into  two  parts  and  put  the  secondary  coil  between.  I 

I  then  pushed  a  quantity  of  fine  iron  wire  through  the  aperture,  I 

and  bent  it  down  all  round  so  as  to  pretty  nearly  form  a  closed  I 

magnetic  circiut,  through  the  inside  of  the  coils.     Bnt  that  did  I 

not  give  much  better  results,  considering  the  amount  of  wire  I 

employed  in  the  two  coils,  than  the  same  amount  of  wire  gave  if  I 

built  in  the  ordinary  form  ;  it  did  not  give  so  much  better  results  I 

as  to  make  it  wort.h  while  to  spend  upon  it  the  additional  labour  J 

und  time,  and  therefore  my  labours  in  that  direction  camo  to  an  I 

«nd.     I  think,  however,  the  result  of  this  discussion  will  be  t«  1 

make  me  begin  again  and  try  if  I  cannot  get  some  form  of  trans-  1 

former   which   will   be  no  more   costly  and  have  the  additional  J 

virtue  of  less  proportional  self-induction.  I 

As  to  the  sonorous  discharges  which  Mr.  Yatman  referred  to,  I 

would    only  point   ont    that   among   the   numerous   kinds  of  1 

receivers  that  are  classified  in  ray  table  there  comes  in  this  very  I 

one,  under  the  electrostatic  head,  as  the  "  air  sound."     When  I 

reading  ray  paper  I  referred  to  the  fact  that  you  can  hear  a  sound  I 

outside,  such,  fur  example,  as  a  large  brass  ball  mounted  on  a  glass  I 

stem — a  familiar  old-fashioned  piece  of  electrostatic  apparatus.  I 

If  you  connect  such  a  ball  to  one  terminal  of  the  secondary  cir-  I 

cnit  of  an  induction  coil,  the  other  end  being  put  to  earth,  you  I 

can  hear  a  sound  outside  it.     When  so  connected  that  ball  is  I 

being  charged  and  discharged  from  the  wire,  and  there  is  a  vary-  I 

ing  electrical  pressure  upon  the  air  outside  it.     That  is  a  perfectly  J 
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well-known  foct,  and  we  know  how  it  cornea  about.  We  know 
that  when  a  soap  bubble  is  electriBed  it  alters  its  size,  in  con- 
Beqnence  of  the  change  in  the  air-pressure  due  to  the  charge  upon 
it.  It  is  a  most  beautifnl  experiraent.  The  air  outside  the  brass 
globe  undergoes  this  varying  change  of  pressure  of  the  layer  close 
to  its  surface,  and  it  seta  the  air  around  it  vibrating,  and  you  can 
hear  it.  I  think  that  that  must  have  been  the  case  in  Mr.  Giltay's 
experiments  referred  to  by  Mr.  Yatman.  When  he  took  the 
electrified  hand  and  placed  it  near  another  person's  ear  he  heard 
the  hand  talking.  I  think  iu  such  a  case  the  person's  hand  simply 
forms  part  of  a  condenser. 

Referring  to  Professor  Ayrton's  remarks:  I  qtiite  expected  to 
have  the  microphonic  effect  described  in  the  course  of  this  dis- 
cussion as  being  a  sort  of  arc,  but  I  ara  not  quite  sure  whether 
that  adds  to  our  knowledge ;  we  really  know  so  little  about  the 
structure  of  the  voltaic  arc,  and  it  is  so  hard  to  examine  because 
it  is  so  hot.  I  would  rather  say  that  the  arc  is  a  sort  of  micro- 
phonic contact,  so  far  as  there  is  any  similarity  between  the 
two.  I  am  quite  prepared  to  believe  that  there  are  molecular 
bombardments  going  on  in  both,  but  I  think  that  they  differ 
both  in  degree  and  in  kind.  I  would  ask  you  to  regard  the 
curious  state  of  things  which  is  called  the  spheroidal  slate;  as 
also  I  would  draw  your  attention  to  the  researches  of  Barrett, 
Stoney,  and  others,  in  which  they  prove  that  a  drop  of  liquid 
laid  upon  a  hot  metal  plate  is  supported  above  the  plate,  separated 
from  touching  it  by  a  layer  of  vapour,  the  vapour  exercising  in 
this  curious  state  an  upward  pressure,  due  to  the  fact  that  the 
lower  surface  is  being  subjected  to  the  bombardment  of  the 
particles  below.  The  particles  are  going  up  faster  than  they  go 
down,  simply  because  the  bottom  surface  is  hotter  than  the  top 
surface.  I  could  hardly  wish  for  a  better  explanation  than  that 
afforded  by  Mr,  Stroll's  microscope  experiments  where  he  saw  the 
particles  flying  quicker  in  one  direction  than  in  the  other ;  they 
could  not  have  done  so  otherwise.  There  is  really  a  bombardment 
of  flying  particles  going  on — loose  and  free  [>articles  in  the  case  of 
the  microphonic  layer  when  there  is  no  actual  touching  of  the 
BoUd  surfaces.      I  do  not  say  that  at  all  stages  in  the  microphonic 


c 

mot 


'.]  SIBCUBSION.  la 


.otion  it  is  so.     I  imagine  that  in  some  stages  the  upper  part  E^^f"* 

comes  down  on  the  lower  and  rests  upon  it  at  certain  points — 

three  at   least  in  number,  possibly  more — because  some  parts 

possess  more  or  less  elasticity  of  form ;  but  still  there  will  be  this 

continual  heaving  np  and  down,  and  the  contact  surface  will  be 

beaten   back.     In   this   battering  back,   with  the   discharge   of 

lectricity  that  occurs  in  that  action,  I  think  you  have  the  out- 

es  of  a  future  theory  of  the  microphone.     I  do  not  think  you 

ve  that  in  the  arc,  although  you  have  undoubtedly  bombard- 

■nt;  but  it  is  not  simply  particles  flying  across  from  the  hotter 

the  two  poles  to  the  other  and  back  again.     I  cannot  think 

.t  the  mean  length  of  the  free  path  extends  from  pole  to  pole 

the  arc;  because  I  think  we  should  get  polarised  light  from 

.t,  and  should  have  a  very  different  state  of  things  if  we  had  a 

Croofces'a  layer  between  the  two  surfaces.     But  my  impression 

M  that  you  have  this  mass  of  glowing  vapour,  which  does  not  give 

much  light  (because  the  ends  of  the  carbons  give  out  the  light), 

in  which  there  is  an  internal  commotion  similar  to  that  of  an 

ordinary  heated  gas,  and  not  a  state  of  *'  heat  polarisation  "  as 

^^B  the  Crookes's  layers  and  in  the  spheroidal  state. 

^H    Professor  Ayrton  suggested  an  experiment  upon  an  arc,  and 

^Bi  I  happen  to  have  made  that  experiment  (so  far  back  as  1878) 

I  think  I  can  answer  the  question.     It  was  this;  Suppose  you 

put  a  couple  of  carbon  pencils  into  the  circuit  of  a  battery  or 

dynamo   to   give  you    the    requisite   electro-motive    force,   but 

^■utead  of  bringing  them  into  contact  simply  leave  them  apart 

^trom  one  another,  and  then  try  to  start  the  arc  by  putting  a  tlame 

in  the  space :  will  the  arc  start  ?     No ;  it  will  not.     I  have  tried 

it  with  gas  flame  and  with  oxyhydrogen,  but  could  not  do  it — 

ibably  because  the  temperature  was  not  high  enough.     But  it 

18  the  easiest  thing  in  the  world  to  start  an  arc  between  two 

^joles  which  do  not  touch  if   only  once  you  will  send  a  very 

^ftioute  Bpark  through  it.     Take  a  common  electric  gas-lighter, 

^^k  a  small  induction  coil,  or  anything  that  will  give  the  very 

^Tmallest  spark  that  will  stretch  across.     The  arc  seems  to  require 

path  finding  for  it. 

Profeasor  Ayhton:  Did  you  rarefy  the  air? 
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Professor  Thompson  :  No. 

Professor  Ayrtom  :  IMy  proposal  was  to  rarefy  the  air  as  well 
as  to  heat  it,  bo  aa  to  get  a  break  in  air  of  very  low  reaisttuioe. 
I  am  much  obliged  to  you  for  the  answer  to  the  question. 

ProfeBsor  Thompson  :  Returning  for  a  moment  to  the  trans- 
former ;  Professor  Ayrton  referred  to  the  experiments  of  Count 
du  Moncel,  May  I  point  out  that  there  exists  another  com- 
paratively early  contribution  to  this  question  of  whether 
transformers  work  better  in  closed  circuit  or  not.  There  is  an 
experiment  in  an  old  volume  of  the  jlmmcojt  Joumnl  of 
Science,  of  some  ten  or  fifteen  years  ago,  related  by  Professor 
Trowbridge,  who  took  two  ordinary  induction  coils  so  arranged 
that  the  end  of  one  core  was  a  north  pole  when  the  other  was 
a  south,  there  being  also  two  pieces  of  "tin-plate"  (i.e.,  thin 
tinned  iron  sheet)  opposite  their  ends  to  complete  the  magnetic 
circuit  across  from  one  to  the  other.  He  found  that  this  made 
an  extremely  good  induction  coil.  If  it  had  only  occurred  to 
him  to  put  his  ear  to  the  back  of  these  tin  plates,  he  would 
have  heard  a  good  deal  going  on  at  them ;  they  would  have 
been  magnificent  receivers  for  telephonic  purposes. 

I  was  asked  a  question  by  General  Webber  about  the  mem- 
brane form  of  receiver.  Well,  I  do  not  know  how  far  I  can  reply 
to  that.  It  is  quite  true  that  a  good  many  of  that  form  of 
receiver  are  to  be  found  up  and  down  the  country,  and  they  are 
pracLicolly  all  of  the  same  pattern.  A  membrane  is  stretched 
over  a  short  metal  cone  or  tube,  somewhat  like  the  cover  on  a 
jam-pot,  with  a  little  piece  of  iron  in  the  middle,  secured  to  the 
middle  of  the  membrane.  There  is  no  originality  in  that  arrange- 
ment. I  only  use  it  because  it  appears  to  me  to  be  the  least  open 
to  cavil  in  certain  directions ;  and  it  is  an  uncommonly  good 
form  of  receiver.  Certainly  I  find  very  little  trouble  indeed  from 
any  eflfects  of  damp.  It  is  very  easy  to  prepare  a  membrane  so 
that  damp  does  not  make  it  very  bad  or  flabby,  and  it  is  very 
easy  to  do  even  with  a  flabby  membrane  what  you  want.  Part  of 
the  secret  of  success  lies  in  the  way  of  arranging  the  attracting 
pole  behind  it.  In  the  receivers  I  use  the  little  circular  piece  of 
iron  is  about  the  size  of  the  thumb  nail,  and  the  attracting  poles 
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,  one  at  its  centre,  the  other  at  its  circumference,  so  that  it  ii  P«i'»«r 
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!rawn  to  and  fro  as  a  whole. 


Eiperience  has  shovn  it  to  be  a 
good  form. 

I  have  found  it  expedient  to  eliminate  eddy-cnrrenta  by  the 
same  sort  of  device  as  that  by  which  eddies  are  eliminated  in  the 
armature  of  a  dynamo,  namely,  by  lamination,     I  cut  a  slit  in  the 
lund  iron,  ending  in  a  hole  in  the  middle,  so  that  any  eddy- 
■euts   circulating   in   the  disc  should  be  cut  ofiF  by  the  slit, 
though  that  is  a  email  improvement,  it  has,  I  think,  certainly  its 
ilue. 
Then  I  come  to  the  remarks  made  by  Professor  Forbes.     The 
iIsnatioQ  respecting  the  fltress  on  the  receiving  diaphragm,  as 
cnlated  by  the  formula  which  he  wrote  upon  the  board,  was 
practically  a  repetition  of  that  given  by  Mr.  Oliver  Heaviside  in 
last  week's  Electrician^  and  it  is  one  answer  to  my  statement  that 

Kiere  was  more  to  be  taken  into  account  in  that  matter  than  was 
ken  into  account  by  M.  Giltay,  who  specially  studied  this  ques- 
on  why  an  initial  attraction  is  necessary.     He  found  it  necessary 
in  hifl  statical  receivers  or  condensers,  as  well  as  in  the  ordinary 
^■lagneto-receiver,  and  he  deliberately  states  in  his  memoir  on  the 
subject  that  the  only  reason  why  an  initial  pull  is  required  was  to 
obviate  double  ribrations.      Now  I  doubted  it,  and  I  said  there 
was  more  than  that.     It  did  not  occur  to  me,  I  am  quite  free  to 
confess,  that  that  very  simple  explanation  about  the  difference  in 
^■ttractiou  was  one  portion  of  the  explanation  of  it;  but  it  is  very 
^Vimple,  and  now  that  one  has  been  shown  it,  it  is  very  obvious.    But 
that  is  not  yet  the  whole  of  the  facta ;  there  is  something  more 
than  that  still,  and  that  is  what  I  wanted  to  have  some  light 

Birown  upon  to  me. 
When  I  read  my  paper  here  I  brought,  among  other  things,  a 
ttle  piece  of  apparatus — a  sort  of  induction  coil — for  trying  this 
qaestioQ.  It  is  not  a  question  altogether  of  attraction :  it  is  not 
whether  the  variation  of  the  attraction  is  greatest  when  the 
magnetism  is  great ;  there  is  a  question  of  variation  of  mag- 
netism that  comes  in.  In  this  particular  case  I  took  a  small 
piece  of  iron  which  is  exactly  such  as  you  would  use  for  the 
re  of  the  bobbin  of  a  telephonic  receiver,  about  an  inch  long 
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T™inp«on,  ^"'^  about  one-fiftb  of  an  iDch  in  thickness.  Upon  it  were 
wound  three  coils— a  primary  of  fine  wire,  a  secondary  also  of 
fine  wire,  and  a  third  coil  of  thicker  wire  over  the  outside,  into 
which  was  led  a  current  from  a  few  accmnulators  through  a 
variable  resistance.  The  secondary  was  connected  to  a  receiving 
telephone,  which  therefore  would  give  out  sonnda  when  the  mag- 
netism of  the  core  was  varied.  I  wanted  to  find  whether  small 
rapid  variations  of  current  in  the  primary  coil  would  produce  the 
greatest  variations  of  magnetism  (and  the  loudest  sounds  in  the 
telephone)  when  the  core  was  not  magnetised  at  all  to  begin  with, 
or  when  it  was  a  little  magnetised,  or  when  it  was  magnetised 
very  strongly.  To  furnish  small  rapidly  fluctuating  currents  in 
the  fine-wire  primary  it  was  connected  to  the  primary  of  a  small 
ordinary  induction  coil  the  primary  of  which  was  in  circuit  with 
a  battery  and  an  electrically-driven  tuning-fork.  When  there 
was  no  initial  magnetisation  the  sounds  heard  were  very 
Blight  indeed.  When,  however,  the  magnetising  currents  were 
cansed  to  circulate  around  the  third  coil,  giving  strong  initial 
magnetisation,  the  Bounds  became  louder.  I  extended  the 
experiment  until  the  coil  became  very  hot,  when  the  saturation 
of  the  core  must  have  been  well  up  to  15,000  or  16,000  maguetic 
lines  to  the  square  centimetre.  I  still  got  the  loudest  effect  &om 
the  receiving  instrument  when  the  core  was  magnetised  most 
strongly.  That  has  a  great  deal  to  do  with  Figure  10,  which 
Professor  Forbes  says  has  nothing  to  do  with  the  case.  1  gave 
the  figure  merely  as  an  illustration  of  that  which  we  should  have 
supposed  would  be  the  case  if  we  were  to  draw  our  conclusions 
solely  from  the  observations  made,  like  the  usual  curves  of 
magnetisation,  without  respect  to  time.  Finding,  aa  I 
have  done,  that  deductiuns  from  such  curves  do  not  agree  with 
the  foots  of  observation,  I  say  that  there  is  more  yet  to  be 
discovered. 

Professor  Atktos  :  That  was  the  point  that  I  wished  to 
answer  when  it  was  said  that  I  should  anticipate  Lord  Rayleigh'a 
communication  in  the  March  number  of  the  Pkiloaopltical 
Magazine. 

Professor  S.  P.  Thompson  :  I  shall  be  very  pleased  to  see  it.     I 
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can  only  repeat  that,  a  priori,  we  should  not  have  expected  it  ij^f^,^^'^, 
om  that  curve. 
I  was  interested  in  Profeasor  Forbes's  new  red-hot  transmitter. 
is  one  more  to  be  added  to  that  rather  long  list  which  I  have 
pared.  Professor  Hughes  rather  took  exception,  I  think,  last 
e  to  my  having  mixed  up  together  in  that  list  the  forms  of 
strument  that  were  merely  of  scientific  interest  and  those  which 
ere  of  practical  value.  My  object  was  not  to  distinguish 
tween  the  two,  but  to  see  how  nmny  they  were,  and  to  classify 
e  various  principles  of  action.  I  do  not  think  they  have  ever 
:en  claeaified  before.  When  dealing  vith  abstract  science  it 
ea  no  difference  whether  they  are  useful  or  useless.  Profeasor 
orbes  baa  classified  them  into  two  kinds — those  with  diaphragms 
bich  talk  well,  and  those  without  diaphragms  that  talk 
,BbominabIy. 

Professor  Fokbes  :  I  distinctly  said  "  legal "  diaphragms. 
Professor  S.  P.  THOMPSON  :  Professor  Hughes  said  that  the  air 
,<ras  a  "  legal "  diaphragm,  and  it  has  also  been  said  that  the 
.□man  body  is  a  legal  diaphragm  :  certainly  the  body  is  a  tube, 
whether  it  is  a  diaphragm  or  not.     It  is  a  nice  problem  bow  that 
hich   is   not  a   diaphragm   at  all   can   be   made  into   a   legal 
,phragm. 

I  come  now  to  Mr.  Stroh's  remarks.      Well,  I  congratulate 

the  Society  very  much  that  my  paper  has  been  the  means  of 

drawing  out  Mr.  Stroh  into  giving  us  that  most  beautiful  account 

of  his  further  r«8earches  upon  the  intimate  phenomena  of  the 

icrophooe.     You  may  call  my  description  of  what  I  thought 

iBppened  at   the  microphonic   contact  poetry,    but   Mr.  Stroh's 

irose  far  outdoes  my  poetry.     I  have  no  poetry  that  can  reach 

such  extremely  beautiful  pkenmneua  as  those  that  Mr.  Stroh 

lescribed,  and  I  am  looking  forward  to  being  able  some  time  to 

ave  the  opportunity  of  trying  some  of  those  effects  of  which  Mr. 

Uoh  told  us,  particularly  the  later  experiments  with  the  contacts 

oil.     I  know,  from  experiments  made  long  ago,  that  a  very  nice 

itter  can  be  made  by  having  a  couple  of  metal  plates — of 

gold,  or  platinum,  or  nickel — and  poising  them  properly  with  a 

drop  of  puaffiu  oil  at  the  point  of  contact  j  but  1  did  not  know 
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^j"*™^^    how  many  very  beautifial  things  there  were  to  be  seen  with  a 
miecroacoije  in  that  drop  of  oil.     It  was  one  of  the  most  interest- 
ing things  I  have  ever  listened  to,  to  hear  how  the  little  particles 
moved  about    in  circulating  eurrenti,  and  how  at  the  contact 
there  was  the  peculiar  unstable  ptate — the  transfer  of  particles 
quicker  one  way  than  the  other — and  how  when  pressed  down 
the  thing  seemed  to  take  a  tone  of  its  own  for  a  little  while  and 
sang.      No  doubt  we  all,  as   I  did,  fully  appreciated  the  im- 
portance of  the  relation   between  the  action  thus  described  and 
the  phenomena  of  electric  conduction  at  the  points  of  contact. 
The  instability  obsened  by  Mr,  Stroh  reminded  me  of  that  curious 
little  piece  of  apparatus  called  "  Trevelyan's  rocker,"  which  is  a 
piece  of  brass  with  a  groove  on  the  under  side,  which,  after  being 
heated,  is  laid  upon  a  block  of  lead,  and  at  once  begins  to  vibrate, 
wobbling  on  its  edges  of  contact  and  singing.     Professor  Tyndall 
made  researches  on  it  years  ago ;  it  is  described  in  his  books  on 
heat  and  on  sound.     Though  I  quite  agree  with  the  description 
given  there,  I  differ  entirely  from  the  explanation  of  the  pheno- 
mena that  Professor  Tyndall  gives.     He  says  that  the  effect  is 
due  to  the  rapid  expansion  of  the  lead ;  that  the  rocker  comes 
down  on  one  side  of  the  lead  and  wanna  it,  causing  it  to  expand 
and  hitch  over  the  rocker  again  to  the  other  side,  and  so  on, 
keeping   the   rocker  in  vibration.      I  do  not  agree   with   that 
explanation,  but  I  think  that  what  really  happens  is  that  a  sort  of 
polarised  layer  of  flying  molecules  is  formed  underneath,  and  that 
something  very  much    like  microphonic  action  is  set  up.     The 
proof  of  that  is  that  if  you  put  the  rocker  and  block  in  circuit 
with  a   telephonic   receiver   of  rather   low   resistance   you  will 
hear  it  moving  backwards  and   forwards.     I  suppose  there  is  a 
varying  thermo-electric  current  set  up.    If  you  put  the  rocker  and 
block  on  a  pine  sound-board,  and  if  the  rocker  be  one  that  has 
rapid  movements,  you  can  hear  its  own  note  given  out,  and  if 
while  it  is  thus  sounding  anybody  taps  on  the  board  you  hear  the 
ordinary  microphonic  tick  in  the  receiver  at  the  other  end.     I  look 
upon  it  as  a  microphone  which  works  under  rather  peculiar  condi- 
tions.    It  transmits  badly,  and  ia  a  transmitter  of  the  scientific 
kind,  and  is  not  one  of  those  that  are  of  great  practical  value. 
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Now  I  come  to  Professor  Hugliea's  remarks.     Professor  Hughes  - 
ik  me  to  task  for  saying  that  the  arrangement  of  microphones 
oultl  be  in  parallel,  and  said  that   for  high   resistance  they 
lould  be  in  series,  for  low  resistance  in  ^larallel,  and  grouped  for 
intermediate  aa  with  batteries.     I  quite  agree  in  that  view :  but 
do  not  work  practically  with  high  resistance;  and,  with  an 
ordinary  transformer  in  which  the  primary  is  of  low  resistance,  I 
prefer  the  pamllet  arrangement.      He  also  said  that   with  my 
\-alve  telephone  the  tube  itself  vibrated  and  acted  upon  the  ball. 
y  answer  to  that  is  that  when  yon  speak  into  the   tube  the 
Voice  goes  up  the  tube  and  heats  against  the  bottom  of  the  ball  j 
ly  which  I  get  all  that  I  require  without  the  tube  vibrating.     If 
•\i  put  on  100  feet  of  speaking-tube  the  ball  will  act  just  as  well. 
it  the  tube,  and  not  the  air  inside,  that  carries  the  vibrations  ? 
Profeseor  Hd'GIIes:    Certainly;   the  sound  goes  through  the 
ood. 
Professor  Thompson:   But  tubes  are  not  made  of  wood,  and 
makes  no   difference  whether  it  is   a  spiral  wire  tube  lined 
itb  felt — about  as  dead  a  thing  for  conveying  sound  as  possible^ 
or  any  other  tube  ;  the  ball  acts.     Again,  if  the  ball  he  placed  in 
leaden  bed,  slung  on  a  hammock  of  india-rubber  with  the  end 
the  tube  three  inches  away  and  not  touching  it  at  all,  the  ball 
Iks  by  the  air  beating  upon  it,     I  tried  a  bed  of  putty,  and  all 
irts  of  things,  to  cut  off  vibrations,  and  the  ei]ieriments  were 
|Uite  satisfactory.     If  the  tube  be  plugged  with  a  firm  plug  of 
tton  wool,  the  difference  between  the  pressure  of  the  air  on  the 
.11  when  the  tube  is  so  stopped  as  compared  with  when  it  is  open 
moat  marked,  and  clearly  proves  whether  it  is  the  material  of 
the  tube  which  conveys  the  sound  or  the  air  inside  it.     I  quite 
agree  with  Professor  Hughes   that  such  materials  as   wood   or 
metal  convey  sound  something  like  12,  14,  or  16  times  quickei; 
bat  I  do  not  think  that  therefore  necessarily  they  carry  more, 
uppose  T-J-nth  part  of  the  sound  is  conveyed  by  the  metal  and 
V/olhs  by  the  air,  which  will  affect  the  ball  ?     Of  course  the 
Imager  jwrtioB,  and  I  feel  quite  sure  that  the  rapidity  with  which 
the  sound  goes  through  the  metal  has  nothing  to  do  with  it. 

Professor  Hdohes:    I   mav   mention   that  t'he   BTpciATaeTv^,* 
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about,  sound  are  due  to  Professor  Wlieatstone  witli  his  rod  of 
wood.     As  for  lead,  it  is  a  remarkably  good  conductor. 

Professor  THOMPSON:  I  am  perfectly  aware  of  Professor 
Wheatatone's  experiments,  and  I  have  spoken  through  a  lead 
wire.  I  am  very  much  indebted  to  Professor  Hughes  for  his 
clear  statement  that  it  i^  not  the  business  of  the  designer  of 
instruments  to  cure  bad  wires,  or  to  cure  what  ap^jeais  to  be 
inherent,  viz.,  that  wires  must  somewhere  run  near  other  wires ; 
but  by  making  the  instruments  powerful  we  can  get  rid  of  stray 
currents  and  useless  mutual  inductions.  Professor  Hughes  has 
not  quite  caught  my  meaning  when  I  said  that  the  jjatli  of 
progress  lay  in  the  direction  that  had  been  followed  in  the 
construction  of  the  dynamo.  I  certainly  did  not  mean  that  it 
was  desirable  to  have  moving  parts  of  great  inertia ;  what  I 
referred  to  was  the  electrical  improvement,  such  ae  eliminating 
eddy-currents,  diminishing  self-induction,  and  the  general  rule  of 
making  field  magnets  very  jiowerful  compared  with  armatures. 
That  is,  I  take  it,  the  course  that  we  must  pursue  in  designing 
telephonic  apparatus.  Sir  William  Thomson  followed  the  same 
course  in  his  investigations  upon  cable-signalling,  and  he 
produced  the  siphon  recorder,  which,  with  its  big  field  magnet 
and  comparatively  small  and  light  armature,  is  very  like  a 
dynamo,  and  which  is  very  similar  to  what  1  am  describing,  and 
lies  in  the  direction  in  which  I  hope  still  further  to  go  in  the 
design  of  telephones. 

Now  I  come  to  a  gentleman  who  put  a  whole  string  of 
questions  to  me — Mr.  Moynihan;  and  I  rather  judged  from  his 
manner  of  putting  them  that  he  did  not  write  them  himself, 
because  he  did  not  seem  to  know  what  he  was  talking  about.  As 
to  improvements  since  1878-1885,  I  must  refer  him  to  what  has 
been  done  by  Mr.  Langdon  Davies  with  his  jihonoiiore  and  liis 
open-circuit  telephone,  and  by  Graham  Bell,  Chichester  Bell,  and 
.Sumner  Tainter  with  the  graphophone,  as  also  by  Eosebrugh  and 
by  Elsasser  in  duplex  telephony,  all  of  whom  have  done  an 
immense  amount  of  work  since  1885.  As  to  the  number  of 
instruments  and  the  length  of  lines  upon  which  they  worked,  I 
must  refer  Mr.  Moynihan  to  the  secretary  of  the  New  Telephone 
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Company  for  such  information.     Mr.  Sloynihan  mentioned,  truly,  ^J^'^'JUl. 

it  Edison  used  thermopiles  for  transmitters;  but  Edison  did 
not  usp-  them  as  I  did,  as  they  were  operated  by  the  beating 
againet  their  gurfaces  of  the  neighbouring  diaphragms;  and 
although  Edison  said  his  fonn  worked,  T  could  never  get  one  of 
them  Uk  Ab  to  how  many  instruraents  of  various  forms  I  have 
invented  during  the  last  eight  years,  I  can  ouly  infonn  Mr. 
Mt^ihan  that  it  does  not.  take  long  to  devise  a  new  form  when 
experimenting  (I  should  think  I  derised  a  hundred  when 
experimenting  with  what  nltiinately  became  the  valve  telephone) ; 
and  when  one  has  several  a,?si3tants  all  at  work  in  the  same 
direction,  it  is  easy  to  get  several  hundreds  in  a  very  few  months. 
In  regard  to  the  break  in  the  Blake  transmitter  causing  a  spark 
and  blurring  sound,  Mr.  Moynihan  could  not  have  read  slip  8  of 
jiaper,  or  he  would  have  seen  that  I  dist.inctly  state  that  in 

y  instrument  no  spark  occurs  on  account  of  the  double 
differentially-wound  coil  in  the  transformer.  I  further  said  that 
the  Blake  also  works  splendidly  when  provided  with  the  double 
coil.  yii.  Moynihan  wanted  to  know  whether  there  w«re  not 
microphones  in  my  transmitters.  I  thought  that  was  self-evident. 
Mr.  Moynihan  told  me — what  I  knew  before — that  working 
micrt^hones  in  parallel  was  old,  and  he  read  out  some  extracts 
from  a  paper  on  that  subject  hy  Mr.  BJdwell.  If  he  had  only  read 
slip  4  of  my  paper  he  would  have  seen  that  I  referred  to  Bidwell's 
work  ns  being  known  to  me;  and  being  so  known  I  had  no  wish 
to  lake  np  the  time  of  the  Society  by  going  over  what  was  old. 
Mr.  Moynihan  declared  that  the  diaphragm  of  the  Blake  Irans- 
roitter  was  so  thick  that  it  could  have  no  tone  of  its  own.  Well, 
that  is  Ma  opinion ;  but  the  fact  that  there  is  an  india-rubber 
damper  put  against  it   does  not  quite   bear  out   that  opinion. 

'eihaps  Mr.  Moj-nihan  thinks  that  the  damper  is  put  there  for 
I,  on  the  other  band,  think  that  the  presence  of  the 
dnmper  proves  my  point.  Mr.  Moynihan  wanted  to  know  what 
an  induction  plug  was.     If  he  had  read  slip  8  of  my  paper  he 

■ould  have  seen  that  I  use  an  electro-magnet  as  an  induction 
iig.  I  thought  an  electro-magnet  was  a  plain  and  well- 
dcr^tood   term,  and  I   do  not  know  whether  Mr.  "Moynvhoa 
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wished  to  score  a  iwint  for  my  haring  invented  a  new  term  when 
I  used  t!ie  word  "  electro-magnet."  Mr.  iloynihan  surely  cannot 
he  ignorant  of  the  fact  that  an  electro-magnet  is  in  a  sense 
0|Mique  to  the  passage  of  induction  currents.  Variey  took  oat  a 
patent  in  1870  for  a  sort  of  telephone  and  telegraph,  in  which  lie 
used  for  the  same  purpose  an  electro-magnet,  which  he  called  an 
"  eubocyine,"  because  it  was  opaque  to  the  current ;  Van 
Ryaselberghe  used  the  same,  and  called  it  a  "separator."  I  do 
not  quaiTel  with  them  for  using  those  terms ;  but  I  said  that  I 
used  the  electro-magnet  as  an  induction  plug,  which  description 
I  consider  equally  apphcable,  and,  in  my  opinion,  preferable. 

Now  I  come  to  Mr.  Preece.  I  am  told  that  Mr.  Preec^  has 
been  detained  by  important  engagements  and  cannot  be  present 
this  evening,  but  I  do  not  doubt  that  he  wishes  me  to  answer  hia 
remarks  just  as  if  he  were  here.  Well,  it  is  really  extraordinary 
that  I  have  survived  the  terrible  criticism  which  my  jviper 
received  at  the  hands  of  Mr.  Preece;  but  the  truth  is  thai  we 
have,  as  he  told  you,  fought  before,  and  he  knew  beforehand  that 
I  should  return  his  attack ;  he  knew  it  and  expects  it. 

We  all  know  how  perfectly  sure — in  fact,  cocksure — Mr.  Preece 
ifi  when  he  forms  opinions  or  makes  statements.  He  was  cocksure 
that  the  early  forms  of  telephones  were  only  toys ;  he  went  to 
America  cocksure  that  he  would  in  a  quarter  of  an  hour  expose 
U^rabam  Bell.  He  was  cocksure,  at  least  when  he  spoke  the 
first  time,  that  my  theory  of  long-nmge  telephony  was  wrong. 
Now  it  may  be  admirable  to  be  cocksure,  but  it  is  not  scientific. 
I  am  told  that  I  am  expected  to  wind  up  this  debate  by 
replying  to  Mr.  Preece ;  but  what  is  there  left  to  answer  ?  Not 
much ;  for  Professor  Hughes  has  answered  Mr.  Preece  on  the 
question  of  designing  instruments,  Mr.  Stroh  on  the  question  of 
the  phenomena  at  the  contacts.  Professor  Ayrton  on  the  question 
of  theory.  Indeed,  I  feel  sure  that  Mr.  Preece  himself  felt  that 
what  he  said  at  first  was  ca]>ablo  of  being  answered ;  for,  as  you 
will  remember,  on  the  second  occasion  when  he  spoke  he  executed 
two  remarkable  strategical  movements :  in  the  first  place  he 
buttered,  and  in  the  second  place  he  hedged.  It  is  true 
t}mt  his  butter  was  of  a   rather   cheap  description — in   praise 
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my  books  on  other  siibjeets.     His  solicitude  for  my  reputa-' 
ba    was   (juite   touching  j   it    even   exceeded  his   care  for   his 
own.     But  I  was  truly  amused  when  I  found  Mr.  Preei-e  on  the 
^^fiecond  occasion  making  careful  jirejiarations  to  come  round  to  my 
^^vieTCR.     What  did  he  then  aay  ?     "The  notion  of  getting  over 
^^fthis  difficulty  by  making  the  receiver  weak  and  the  transmitter 
^^Btrong  is  one  that  has  occurred  to  everybody's  mind  since  the 
^Brery   earliest   days   of  telephony.     It   was  communicated   in  his 
pJr.  Preece's]  first  pajier  read  before  the  British  Association,  in 
^^U877  ;  it  was  the  basis  of  the  discoveries  and  work  of  Edison  ;  it 
^^^lad  even  been  earned  out  on  the  London  and  North  Western 
Jlailwav,   where  JMi-.    Fletcher    had    weakened    the    receiver  and 
^^fctrengthened  the  transmitter."     Further  on  Mr.  Preeee  said  that 
^^he  agreed  with  me  if  it  were  possible  to  diminish  the  sensitiveness 
of  the  receiver  and  still  speak;  but  he  added:  "We  can  only 
.diminish  the  sensitiveness  of  a  telephone  receiver  to  a  very  small 
^^^xtent,  and  then  we  get  beyond  the  limits  of  the  human  ear." 
^^TV'ell,   I   can  only  reply  that  the   limit   of  sensitiveness  of  the 
human  ear  has  uothiug  to  do  with  the  question ;  for  if  we  first 
make  the  receiver  one-tenth  port  as  sensitive  as  it  is,  and  then 
^^hoake  the  transmitter  ten  times  as  powerful  as  before,  the  loud- 
^^Tiess  of  the  received  speech  will  remain  as  loud  as  it  now  is,  while 
the  induction  noises  will  be  diminished  by  90  per  cent.     Is  that 
nothing  to  be  desired?     But  the  "if"  that  Mr.  Preeee  intro- 
duced shows  that  his  opinion  is  decidedly  coming  round  toward 
^^dnine.     He  now  says  that  he  put  forward  the  same  ide^ts  in  1877, 
^^Bffell,  I  have  looked  up  the  Beport  of  the  British  Association  for 
^H|877  (page  36),  and  this  is  all  I  can  find: — "The  transmitter 
currents   are    too   weak,  and    Mr.   Edison,   of    Kew    York,   has 
'udeavoured  to  remedy  those  defects  in  Bell's  [transmitter]  by 
introducing  a  transmitter  which   is   operated   on   by  a   battery 
current.     .     .     .     Starting   from  Keis's   transmitter,   he  simply 
bstitutes  for  the  platinum  j>oint  a  small  cylinder  of  plumbago. 
.     .     The  interferenct;  of  working  wires  will  seriously  retard 
e  employment  of  this  ap^iaratua  ;  but  there  is  no  doubt  that 
ientific   inquiry  and   patient    skill  will   rapidly  eliminate   all 
iractical  defects."      WHiat  I  have  said  is  that  the  pto^ieT  IVto^ 
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was  to  make  the  transmitters  more  powerful  and  drown  out  the 
induction  Hounds,  and  there  is  a  great  difference  between  tliat 
and  what  Mr.  Preece  said  in  1877. 

As  to  my  theory  of  microphonic  action,  on  the  first  occasion 
Mr.  Preece  described  il  aa  mere  poetry,  and  on  the  second  oct-ii- 
sion  he  described  it  as  being  his  own  theory  of  1882.  I  have 
looked  up  the  Report  for  1882,  and  this  is  what  I  read  as  having 
■been  said  by  Mr.  Preece*:— "In  1877,  at  Plymouth,  I  bad  the 
pleasure  of  showing  in  actual  o^ierat ion  the  fiuatly  developed  instru- 
ment now  known  as  the  Bell  telephone,  which  I  had  just  brought 
over  from  America.  ...  In  1877  it  wati  a  scientific  toy  ;  it 
has  now  (1882)  grown  to  be  a  practical  instrument,  .  .  , 
There  is  now  little  doubt  that  it  [the  action  of  the  microphone]  is 
due  to  effects  of  heat  generated  by  the  passage  of  electricity 
between  two  points  in  imperfect  contact,  whose  relative  distance 
is  variable.  Carbon  is  the  best  material  for  the  purjiose  .  .  . 
because  it.  has  the  remarkable  properly  of  ha\'iug  its  resistance 
lowered  when  it  ia  heated — the  reverse  of  metals.  .  .  ,  This 
observation  ia  due  to  Mr.  Sbelford  Bidwell." 

So  I  lind  that  on  .Tanuary  27th,  18S7,  Mr,  Preece  said  that  my 
theory  was  mere  i>oetiy ;  on  February  10th,  1887,  that  it  was  his 
own  theory ;  and  on  August  28th,  1882,  he  there  says  it  was  Mr. 
Shelford  Bidwell'a  theory  I  Which  of  these  three  statements  am  I 
to  believe?  wliich  of  thorn  nm  I  to  answer?  I  can  only  conclude 
that  they  ai-e  all  three  wrong — that  my  theory  is  not  poetry,  that 
it  is  not  Mr.  Preeoe's,  and  that  it  ia  not  Mr.  Bidwell's.  According 
to  Mr.  Preece,  in  1882  Mr.  Sh  el  ford  Hidwell  stated  that  he  had 
discovered — what  was  pretty  well  known  before — t.hat  the  sub- 
stance known  to  electricians  as  carbon  changed  its  specific  reaisl- 
nnce  when  heated,  but,  unlike  metal,  which  increased,  carbon 
decreased  in  resistance ;  and  he  cont'luded  from  that  that  it.  had 
something  to  do  with  the  microphone.  It  ia  rather  a  lame 
conclusion,  but  that  was  Mr.  I'reece's  conclusion.!     I  have  pointed 

•  Badnoian,  vo).  is.,  p.  389. 

t  Sbti  addtd  March,  1887.— The  conolmion  amved  at  by  Mr.  Fraece  in  188S 
does  not  quite  represent  Ht.  Bidwell's  conclusion.  Ur.  BuIweU  had  pointed 
oal  that pretsvre  on  contactg  both  of  nielal  and  of  carbon  increased  the  currant 
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t-  to  yon  that  what  goes  on  at  the  contacts  baa  absolutely  £1"'™^ 
notbing  whatever  to  do  with  tbe  Bpecific  condactivity  of  the 
materials;  it  is  a  tinei/c  phenomenon  rather  than  a  phenomenon 
of  eoniiuctivity.  You  can  make  a  good  transmitter  out  of  gold, 
platinum,  or  hard  carbon,  or  you  can  get  bad  conductors,  such 
lamp-blaclc,  wluch  do  not  work  so  well ;  it  is  a  question  of 
8ur&ce  contact,  not  of  what  is  a  good  or  a  bad  conductor. 
My  account  of  the  intervention  of  heat  in  the  molecular 
phenomena  at  the  contacts  is  totally  independent  of  anything 
that  heat  may  or  may  not  do  to  the  conductivity  of  the 
materials.  1  believe  my  theory  to  be  new>  and  to  be  true  so 
r  as  it  goes. 
I  now  pass  to  the  points  of  abstract  theory  laid  down  by 
5Ir.  Preece,  and  from  which  I  utterly  and  entirely  dissent.  His 
theory  is  not  only  mathematically  wrong  in  itself,  but  is  founded 
pon  wrong  assumptions.  What  does  ]\Ir.  Preece  assume  ?  In 
he  first  place,  that  a  telephonic  line  is  to  be  considered  as  n 
submarine  cable ;  that,  therefore,  the  capacity  and  the  resistance 
e  the  only  things  to  be  taken  into  account.  I,  on  the  other 
A,  hold  that  in  a  telephone  line  the  only  important  things 
be  taken  into  account  are  the  mutual  induction,  the  self- 
tion,  and  the  resistance ;  the  i.'apacity  being  negligibly 
Professor  Ayrton  has  emphasised  this  iioint  already,  and 
\»e  pointed  out  the  esseatial  difference  between  the  static 
tordation  of  signals  in  a  cable  due  to  its  capacity,  and  the 
iretardation  of  phase  in  telephonic  signals  due  to  self-induction. 
The  laws  of  the  two  are  absolutely  different ;  and  I  have  no 
doobt  as  to  whether  my  assumptions  or  Mr,  Preece's  are  the  more 
correct.  Take  one  case^that  of  underground  telephone  lines — 
in  which  you  get  the  nearest  approach  to  cable  conditions :  why, 

%uA  decreased  tbo  realatance;  but  that  whereas  in  the  latter  case  tl)«  iacrease 
of  carrent  tended  to  produce  a  further  decrease  of  reaiitanca  by  its  heating 
effect,  in  tbo  former  case  the  increaoe  of  current  by  its  heating  effect  tended  to 
diminish  the  decrease  ot  reaistance.  I  fail  to  see  that  thli  has  any  real  beariDg 
on  the  cafe.  It  might  be  important  if  it  were  trae  that  nietftlUe  contacts  will 
not  tranimit  speech ;  hut  in  any  case  it  is  not  the  same  conclusion  that  Mr. 
Preece  propoauded  in  1833,  neither  does  it  in  tke  least  degree  anticipate  mf 
lilmMit  theory  of  the  microphomc  contact. — S.  P.  T. 
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Mr,  Preece  himself  says  that  in  uudergTound  lines  you  can  talk 
farther  with  copper  than  with  iron  wirca.  There  is  proof 
ixjsitive  that  pelf-induction  is  not  the  insignificant  factor  that 
Mr.  Preeee  would  hsve  U8  believe  when  he  aays  that  capacity 
and  resistance  are  the  only  things  to  be  taken  into  account  in 
calculating  the  possible  length  of  line  for  transmission.  Well, 
having  made  this  altogether  erroneous  assumption  that  a 
telephonic  line  is,  for  purposes  of  calculation,  the  same  thing 
as  a  cable,  he  then  goes  on  fo  quote  Sir  William  Thomson's  law 
about  the  square  of  the  length  of  the  cable,  which  kw,  he  said, 
was  as  true  as  Ohm's  law.  Of  course  it  is  as  true  as  Ohin'a 
law  for  every  case  where  it  is  applicable;  that  is  to  say,  for 
every  case  where  capacity  and  resistance  m'e  the  only  important 
things,  and  where  mutual  induction  and  self-induction  may  be 
left,  out  of  consideration,  and  where  also — and  this  is  important — 
the  assumption  may  rightly  be  made  that  the  tm^ning  on  of 
the  signal  current  is  an  absolutely  sudden  single  act.  But  no; 
this  is  not  good  enough  for  ^Ir.  Preece.  He  claims  a  much  more 
sweeping  application  of  this  law.  According  to  Mr.  Preece — and 
lie  seems  to  think  that  when  he  says  that  he  was  the  assistant  of 
Latimer  Clark  and  of  Faraday  that  that  settles  the  matter— 
"the  law  that,  determines  the  transmission  of  currents  through 
a  wire  to  produce  telephonic  signals  is  precisely  the  same  in 
every  respect  as  the  law  that  determines  the  flow  of  currents 
through  submarine  cables,  or,  indeed,  through  any  circuit." 
Unfortunately  the  statement  is  untrue.  Further,  Mr,  Preece 
said  that,  the  number  of  cun^ents  that  could  pass  through  a  wire 
(he  said  wire,  but  I  think  he  meant  a  cable)  was  "nut  in  any 
shajie  or  form  dependent  Upon  the  electro-motive  force."  Well, 
even  admitting  the  truth  of  this  rather  doubtful  statement,  the 
question  is  not  how  many  currents  will  yiass,  but  how  many  can 
be  made  audible.  Suppose  the  number  of  currents  transmitted 
per  second  to  be  very  great,  and  tliiit  each  impulse  got  so 
attenuated  as  to  be  all  but  inaudible,  and  that  then  you  increase 
the  electro-motive  force  jnst  so  much  as  to  make  them  audible: 
jou  are  not  increasing  the  number  that  jjass,  but  you  are 
increasing  the  number  that  can  be  heard.     Mr.  Preece  further 
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ixed  up  in  a  moat  deplorable  way  the  speed  of  transmission  ^ESS^ 
a  cnrrent  witb  the  rate  of  signalling  of  currents.  The  speed 
transmits  ion  has  nothing  whatever,  pn-  ae,  to  do  with  the 
distance  to  which  speech  is  possible,  or  with  the  frer^uency  of 
the  vibrations.  If  you  put  in  100  vibrations  per  second  at  one 
id  they  come  out  lUO  vibrations  per  second  at  the  other  end,  not 
99  or  98  or  any  other  number;  they  come  out  100  per  second 
whether  they  have  been  retarded  or  not  retarded  in  tran^ 
on. 
But,  taking  as  a  basis  of  argument  Mr,  Preeee's  own  ground— 
ihat  capacity  and  resistance  are  the  only  elements  of  importauc e— 
Btill  maintain  that  it  is  incorrect  to  say  either  that  the  retarda- 
ion  is  proportional  to  the  square  of  the  length  of  the  cable  (or 
ine),  or  that  the  signalh'ng  does  not  depend  on  the  electro-motive 
force.  Kemember  that  Thomson's  law  assumes  that  at  the  send- 
ing end  the  wire  is  raised  suddenly  and  abruptly  from  zero- 
itential  to  a  finite  potentials-call  it  V^ — and  maintained  constant 
that  potential  for  a  definite  time  while  ciurent  rushes  into  the 
ble  in  a  sort  of  electric  wave  which  flattens  itself  out  and 
nds  itself  in  charging  the  cable  as  it  goes  along.  From  this 
ieumption,  and  the  mathematical  laws  of  Fourier,  Sir  William 
omson  calculated  the  value  of  the  potential  at  a  given  distance  X 
along  a  cable  of  length  U  at  a  time  t  after  making  contact,  to  be 
expressed  as  follows : — 

V(,.o  =V,  X  Ae' 

here  k  and  r  are  the  capacity   and  resistance,  respectively,  of 

unit   length,   and    where    A   and    B   are   quantities  depending 

on  X  and  I,  and  on  the  fraction  of  the  whole  potential  to  which 

the  potential  at  x  will  have  risen  at  the  time  (.     Hence,  if  the 

tion  of  potential  to  which  the  point  x  is  to  rise  be  given  as 

instant  (by  the  construction  of  the  telegraphic  receiving  instru- 

ent,  which  requires  a  certain  finite  potential  apgilying  to  work 

it),  it  follows  that  the  time  required  t«  get  a  complete  signal 

ihrough  is  proportional  to  Ic  r  and  to  I'. 

Now  in  telephonic  work  all  this  is  different.  We  do  not  work 
ith  receiving  insf  i-unients  that  refuse  to  give  any  indication 
uch  as   printing    a  mark  or  making  a  sound,  or  even  viavbVy 
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deflecting  a  spot  of  light)  until  the  potential  applied  to  them 
risen  to  a  certain  definite  amount  which  it  is  useless  either  to 
esceed  or  to  fall  short  of.  The  telephonic  receiver  lias  to  respond 
to  all  sorts  of  minute  impulses.  Again,  the  telephonic  sending  is 
utterly  different  from  the  single  sudden  raising  of  the  potential 
to  u  fixed  amount,  as  assumed  in  the  above  sirgnment.  It  is 
much  more  nearly  true  to  assume  that  the  potential  varies 
periodically  in  a  harmonic  function  of  the  time.  Let  n  stand 
the  number  of  vibrations  per  second  that  are  to  be  transmitted 
then  Vfl,  the  potential  at  the  sending  station,  will  be  represen 
by  an  expression  of  the  form 

Vo  =  A  ain.  2  tt  «  (, 
where  A  ia  the  amplitude  of  the  alternations  of  potential,  or,  in 
other  words,  the  maximum  potential  at  the  transmitting  end. 
Then  for  the  [mtential  at  the  dist-ance  x  along  the  cable  we  shall 
have 
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From  this  we  may  deduce  that  the  velocity  of   wave-projaga- 

tioB  will  be  equal  to  a.^/ A,  and  therefore  depends,  in  the  first 

instance,  upon  Ji.     Thie  is  utterly  unlike  anything  in  Thomson's 
law,   which   ilr.   Preece   preaches   as   being  the   whole   gospel. 
Furlher,  we  see  that  if  the  above  be  the  speed  of  wave-propaga- 
tion, the  time  taken  by  the  waves  to  travel  a  definite  length  of 
cable  in  not  projmvtional  to  ki;  nor  to  P  (as  Sir  William  Thorn- 
eon's  law  shows  for  telegraphic  signals),  but  is  proportional  to 
V^i  )•  nnd  to  (Ac  le^irfth  simply.*      The  law  of  the  square  of  the 
diHtniioe  about  which  Mr.  Pveece  makes  such  a  fuss  is  not  troe 
for  any  simple  sound  telephonicnlly  transmitted.     Lastly,  it  fa 
obvious  from  the  equation  that  for  any  set  of  consecutive  vibrn- 
*•    tions  the  potential  at  the  receiving  station  is  proportional  to  A, 
P*^    I'  amplitude  of  the  alternations  of  potential  at  the  sending 
altenui.,jj.    proving    the   bJsity   of   Mr.   Pireeoe's  argument   that 

the  electn. — — 

you    are    not  i**^  iTiiriA   lath.— Dr.  J.  HoiikinKm,  F,B.S.,  tells  me  that  lome 
,     H,>  tliii  oase  ai  an  exercise  in  Itie  Halhematical  Trinoi  at 
increasmg  the  •«  ^,,  ^  ^,„i„„._s.P.T. 


tie  was  eiammer.- 
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increasing  the  electro-motive  force  of  transmisaion  has  no  effect.*  '■ 
Why,  if  increasiog  it  ha3  no  effect,  then  diminishing  it  ought  to 
bave  none!  Let  na  signal  without  any  electro-motive  force  at 
ail !  I  should  recommend  Mr.  Preeee  for  the  future  to  avoid 
mathematical  arguments.  My  only  reason  for  replying  to  bis 
extraordinary  statements  about  the  mathematical  theory  is  that 
I  do  not  let  them  pass  unchallenged  for  fear  that  other  members 
of  the  Society  might  otherwise  think  that  JMr.  Preece's  ideas  on 
this  topic  were  either  authoritative  or  intelligible. 

Returning  from  Mr.  Preece's  theory  to  his  opinions  about 
telephonic  practice,  I  note  that  Mr.  Preeee  is  cocksure  that  the 
vliole  of  the  difficulties  that  I  have  mentioned  as  occurring  with 
telephones  in  practice  are  imaginary.  When  he  said  no  I 
wondered  what  sort  of  telephones  JMr.  Preeee  must  have  been 
Deed  to.  What  awfully  good  Blake  transmitters  he  must  be  in 
the  habit  of  using  if  they  never  require  adjusting,  and  if  they 
don't  give  out  a  harsh,  rasping  sound  when  yon  speak  too  loud  or 
too  near!  For  myself,  I  still  take  the  more  modest  view  that,  in 
London  at  least,  the  avemge  telephonic  instrument  ia  capable  of 
improvement,  in  spite  of  Mr.  Preece's  assurance  that  everything 
is  aa  perfect  as  it  can  be. 

But  the  thing  that  seemed  to  have  excited  Mr.  Preeee  most 
was  what  he  was  pleased  to  term  my  "perversion  of  history." 
Now  *'  pen-ersion  of  history  "  is  an  ugly  charge  for  one  man  to 
make  against  another ;  and  if  I  had  not  known  that  it  was  only 
Mr.  Preece's  way  of  saying  that  his  version  of  history  differed 
frota  mine,  I  might  have  taken  serious  notice  of  it.  According 
to  Jlr.  Preeee  I  was  both  unjust  and  ungenerous  in  daring 
to  name  Reis,  and  Varley,  and  Wray  in  the  same  line  with 
Buch  men  as  Graham  Bell  and  Edison.      I  was  ungenerous  in 

*  NoU  addiid  March  12lh. — I  may  also  add  that  KirclroIT  tmi  discuaaed  the 
qoeitioii  Cram  a  Bom«what  similar  point  of  view.  From  liia  iavestigatiana  we 
maj  ileduee  the  valne  of  the  telephonic  ourrent  as 

,  _  ABin.  ia.rn(  -  ^}      /  <>' 

—  l;  ^/      CO»h.  b  —  COS.  b 

wbere  6  -  2^-IVnV7F', 

Tbeie  etprestiuns  aEFord  the  same  conclusioiu  as  before, — S.  F,  T. 
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compnring  Bell,  and  Edison,  and  Professor  Hughes  witli  men  who 
■^aecordiug  to  Mr.  Preece'a  version  of  historj — were  only  pliying 
with  a  musical  toy.  Mr.  Preece  went  on  to  say  that  before  Sir 
William  Thomson  brought  back  Bell's  telephones  from  Phila- 
deljihia  in  1876  nobody  in  this  kingdom — I  believe  he  said  in 
Europe — had  conceived  or  even  heard  of  the  possibility  of  trana- 
mitting  speech  electrically.  Well,  Mr.  Preece  speaks  for 
himself,  and  possibly  he  had  not.  He  was  cocksure  that  it  could 
not  be  done,  and  therefore  the  thing  was  inconceivable  ;  no  one 
could  have  heard  of  it.  Nevertheless,  he  must,  be  now  aware  that 
Heia  in  1861  set  out  with  the  deliberate  object  of  constructing  an 
instrument  for  transmitting  speech  with  vowels  ami  consonants 
amongst  its  articulate  tones,  and  that  tranamisaion  of  music  was 
an  afterthought.  If  he  doubts  it,  there  is  the  "Jahresbericht" 
of  1861,  in  black  and  white,  in  the  British  Museum  Library,  to 
prove  it.  He  must  know  that  Yeates  had  transmitted  speech  in 
Dublin,  and  Yeates  U  only  one  of  many.  Nay,  I  myself,  a  whole 
year  before  the  date  assigned  by  Mr.  Preece,  had  been  shown  a 
Keis'fl  telephone  asan  instrument  intended  to  transmit  sireech.  It 
is  just  as  nntJ-ue  to  assert  that  Reis'sandYeales's  instruments  were 
mere  musical  toy.^  as  it  would  be  to  declare  that  tlramme's  early 
dynamos  were  only  toy  motors.  Would  that  be  juat  or  generous, 
or  even  true,  when  we  know  that  Ciramme  invented  them  as 
dynamos,  and  that  their  use  as  motors  was  an  afterthought  ? 

It  is  all  very  fine  to  denounce  Reis's  telephone  as  a  mere 
musical  toy.  How  about  Graham  Bell's  original  patent  (U.S.)  of 
March,  1S76,  in  which  there  is  not  a  line,  not  a  word,  not  a 
syllable,  about  speech  ;  plenty  about  tones  and  notes,  but  uot  a 
hint  of  a  vowel  or  a  consonant  ?  Mr,  Preece  knows  that  as  well  as 
I  do ;  yet  lie  has  the  impudence  to  decry  Reis's  instrument  as  a 
■miuiical  toy !  Take  the  names  of  the  brothers  Wray,  the  mention 
of  which  appeared  [Mrtieularly  to  anger  Jlr.  Preece.  They  had 
s]joiled  the  transmitter — improving  it,  no  doubt  they  thought— 
by  substituting  for  the  loose  contact  of  Rets  a  mercury-cap 
amingement;  but  they  had  invented  a  new  kind  of  receiver  with 
two  electro-magnets  mutually  attracting.  If  they  had  merely 
adapted   some    old    and    well-known    telegraphic    leceiver — for 
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example,  a  polarised   relay — for  their  te!ei)hone  receiver  there  P" 
would   have   been   no   invention   worth   mentioning.     But  they  ' 
invented  a  new   iD^^trument  for  a.  specific  purpose.     Are  we  to 
deprive  them  of  the  credit  of  their  improved  receiver  hecaaae 
of  their  bad  transmitter?     They  only  succeeded  in  transmitting 
b*](]  musical  notes:  that  was  not  the  fault  of  their  receiver.     If 
it   were  true  that  the  best  receiver  for  music  is  not  the  best 
receiver  for  ttj>eech,  or  that  the  best  receiver  for  speech  is  not 
also  the  best  receiver  for  music,  I  could  have  imderstood  Mr. 
Preece'a  anger.     But  the  instrument  that   is  best  for  speech  is 
aUo  best  for  music,  and  therefore  I  am  justified  in  crediting  the 
Wrays  with  the  good  work  they  did,  though  it  happened  to  be 
dooe  at  a  time  when  Jlr.  Preece  was  satisfied  that  speech  never 
had  been  and  never  would  or  could  be  transmitted.     It  would 
surely  be  ungenerous  and  unjust  to  the  Wrays  to  ignore  their 
work.     But  my  offence  seems  to  have  been  that  I  distorted  or 
per^-erted  history  by  daring  to  name  Reis  and  Varley  in  the  same 
line  as  Bell  and  Edison.     Well,  if  Graham  Bell  had  lived  fifteen 
years  before  Reis ;  if  Bell  had  worked  on  for  years,  neglected  and 
unknown,  despised  and  rejected  by  the  complacent  telegraphic 
engineers  of  his  time,  and  if  before  he  had  been  two  years  in  his 
grave  bis  great  invention  had  been  proclaimed  as  some  one  elae's, 
then  I  could  have  understood  that  I  had  been  unjust  to  Bell  to 
name  Beis  in   the  same  category.     But   it  was  Reis  who  lived 
fifteen  years  before  Bell ;  Reis  whose  invention  was  tossed  aside 
ii9  a  toy;   Keis  who  died  heart -Jirok en.      Talk  of  injustice  in 
naming  alongside  of  Reis  those  who  have  made  fortunes  out  of 
tbat  which  he  invented  !     The  injustice  does  not  lie  there.     As 
to  the  exquisite  invention  brought  out  by  Graham  Bell  in  1876, 
when   he   showed   that  you   could   take  an   instrument  like   a 
polarised  relay  and  make  it  talk  to  a  similar  one  at  the  other 
end  of  the  line,  that  was  a  subsequent   and  a  very   beautiful 
discovery.     Nothing  shall   ever  cause  me   to   detract  from   the 
merit  of  this  discovery  of  Bell ;  only  he  was  not  the  first,  and  his 
invention  has  almost  ceased  to  be  used  for  transmitting  speech. 
We  have  returned  to  the  battery  transmitters  invented  by  Reis 
and  perfected  by  Ediaon,  Hughes,  Blake,  and  others. 
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I  hove  been  told — and  if  it  is  bo  no  one  more  deeply  regrets 
it  than  I — that  in  the  delivery  of  my  pnjwr  (which  I  did  not  read 
vm-lx'tim)  I  seemed  to  be  ungenerous  in  my  references  to  Pro- 
fessor Hughes.  Now  I  yield  to  no  man  io  my  admiration  for 
Professor  Hughes  and  of  his  researches :  the  world  knows  them  ; 
they  need  no  praise  of  mine,  I  did  commit  the  mistake  of 
crediting  to  Mr.  Preece  the  annooncement  of  the  discovery — which 
I  am  assured  was  made  really  by  Professor  Hughes,  and  merely 
announced  by  Mr.  Preece — that  (he  Hughes  microphone  would 
work  if  placed  on  a  person's  throat  or  chest,  or  in  his  pocket. 
The  discovery  that  a  microphone  will  work  without  any  diaphragm 
is  an  important  one,  and  its  importance  was  duly  recognised  at  the 
time.  I  apologise  most  sincerely  to  Professor  Hughes  for  having 
so  read  the  reports  of  the  meeting  of  this  Society  where  this 
occurred. 

But  I  have  not  yet  done  with  this  alleged  injustice.  The 
charge  that  I  have  dared  to  name  in  the  same  line  such  men  as 
Eeis  and  Varley  with  Graham  Bell  and  Elisha  Grray  is  a  curious 
one,  coming  from  Mr.  Preece.  He  may  not  know  that  I  had 
authority  for  doing  bo — at  least,  I  only  followed  the  example  of 
one  whom  I  used  to  regard  as  an  authority.  To  make  my  mean- 
ing plain  let  me  quote  from  an  authoritative  document,  filed  in 
H.M.  Patent  OfBce  on  30th  of  Novembw  (No.  3202  of  1878, 
page  2,  line  18).  It  is  a  specification  of  an  invention  entitled 
"  Improvements  in  Telephones  "  :^"  This  invention  relates  to  im- 
provements in  telephones.  ...  In  Riess's,  Gray's,  Varley 's. 
Bell's,  and  other  known  forms  of  telephone,  these  sonorous  vibra- 
tions are  reproducer!  directly  by  the  action  of  electricity,  and  are 
reinforced  by  simple  sounding-boards  or  resonators,  Now  acconi- 
ing  to  this  invention  the  vibrations  produced  in  the  receiring 
instrument  are  transferred  from  their  source  to  fixed  or  stretched 
membranes  or  discs  in  such  a  way  as  to  increase  the  quantity  of  air 
thrown  into  sonorous  vibration.  .  .  .  The  receiving  instrument 
will  consist  of  a  polarised  relay,  whose  armature,  vibrating  in 
unison  with  the  original  source  of  sound,  will,  by  its  connection 
through  a  wire  with  a  drumhead  similar  to  that  of  the  toy 
teJephone,  reproduce  the  transmitted  sounds,  whether  articulate 
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or  otherwise."  The  inventor  who  thus  writee, — who  Ihus  dares  to  Pmi 
jilace  in  one  line  the  names  of  Eeis  (which  he  misspells),  Gray, 
Vwley,  and  Bell, — who  speaks  of  their  instraments  as  known 
telephones, — who  contrasts  these  -well-known  electric  telephones 
with  "  the  toy  telephone," — is  '•  Mr.  William  Henry  Preece,  of 
Wimbledon,  in  the  Coimty  of  Surrey,  Civil  Engineer." 

Jlr.  Preece  was  equally  unfortunate  in  his  other  instance  of 
my  "  perversion  "  of  history.  I  had  said,  and  I  am  quite  ready  to^M 
repeat  it,  that  Van  Rysselberghe's  much-applauded  methods  for  ^ 
the  perfection  of  long-distance  telephony  are  a  mere  commercial 
extension  of  the  reaearclies  of  Black  and  Roaebrugh  made  in 
1878-9.  Wherenixin  Mr.  Preece  says  that  Van  Rysselberghe  has 
been  roughly  handled  by  being  bracketed  with  Black  and  Kose- 
bmgh,  and  hurls  at  me  the  crushing  rejoinder  that  Van  Byssel- 
berghe's  object  was  not  to  obtain  long-distance  telephony  at  all, 
but  was  to  work  telephones  simultaneously  with  telegraphs  on  the 
ordinary  telegraph  tinea.  It  is  well  to  he  sure  of  one's  facts,  I 
am  generally  sure ;  Mr.  Preece  is  cocksure.  I  have  before  me  the 
jjfttent  speciUcation  of  Black  and  Rosebrugh.  Mr.  G.  Black  is  not 
a  nobody ;  he  is  the  present  manager  of  the  Great  North-Westem 
Triegraph  Compauy  of  Canada,  at  Hamilton,  Ont.  Dr.  Rosebrugh 
is  a  well-known  physician  at  Toronto.  Their  United  States 
[•atent  ia  dated  February,  1879.  Their  British  patent,  taken  out 
on  April  16th,  1879,  says  (page  1,  line  9): — "The  object  of  this 
part  of  the  invention  being  to  enable  telephones  to  be  connected 
with  the  wire  of  any  galvanic  circuit  without  interfering  with  the 
action  of  said  galvanic  circuit.  .  .  .  The  invention  consists, 
secondly,  in  connecting  two  or  more  wires  of  a  telegraph  line  run- 
ning in  the  same  direction  and  using  them  as  a  conductor,  by  which 
arrangement  .  .  .  the  length  of  line  on  which  a  telephone 
can  be  used  ia  very  much  increased,"  And  on  page  3,  line  15, 
they  add  that  thus  they  can  use  the  wires  that  ai^e  being  used  for 
ordinary  telegraphic  purposes  also.  The  details  of  the  specifica- 
tion ehow  that  in  1879  they  were  even  using  exactly  the  same 
means  as  Van  Eysselberghp  did  in  1882,  namely,  that  they  used 
condensers  to  block  the  telephone  circuits  against  the  telegrapliic 
currents,  and  employed  the  inertia  of  the  electro-magnets  in  tke 


144 


nst 


ProfetJOr 


tflegraph  instruments  to  block  those  instruments  against  the 
telephone  currents!  And  yet,  forsooth,  I  am  told  that  I  have 
perverted  history ! 

I  have  no  doubt  that  when  in  1879  Mr.  Preece  heard  of  the 
ejti>eriments  of  Black  and  Roaebrugh  in  using  telephones  pimul- 
taneousiy  on  the  Ciinadian  telegraph  lines  he  treated  the  nliole 
thing  (IS  (I  foy— was  coukaure  that  tbe  thing  was  absurd.  It  was 
not  till  1882 — when  Van  Ryaselherghe'a  reinvention  of  the  same 
notion  was  noised  about,  and  exploited  by  wealthy  corapaniea,  and 
became  the  subject  of  Government  concessions  and  of  reports  by 
professional  experts— that  Mr.  Preece  could  see  anything  in  it. 
But  fame  and  wealth  came  to  Van  Kyaselberghe,  Mr.  Preece 
executes  a  volte-face  as  shamelesaly  as  he  did  over  Bell's  tele- 
phone, and  now  accuses  me  of  perversion  of  history.  He  has 
mistaken  his  man  this  time, 

I  now  come  to  some  minor  points  in  my  long  list  of  sins. 

Mr.  Preece  objects  to  my  adoption  of  the  word  transform,^, 
and  tells  me  that  "induction  coil"  is  good  enough.  Well,  I  did 
not  invent  the  word  travsformei'  (t  believe  Edison  used  it  first), 
but  it  is  an  admirable  term.  It  is  true  that  some  transformers 
are  induction  coils.  It  is  also  true  that  a  rdatj  is  no  more  than  a 
piece  of  iron  or  steel  with  some  coils  of  wire  on  it ;  but  I  prefer 
to  call  it  a  "  relay :"  that  term  expresses  its  function  in  a  system. 
Time  was  when  the  relay  was  always  called  "the  receiving 
electro-magnet."  "  Relay  "  has  survived.  "  Transformer  "  will 
survive  too,  in  spite  of  Mr.  Preece.  I  am  not  so  sure  whether 
the  kiloxoaU,  that  Mr.  Preece  has  tried  to  introduce  instead  of 
the  horw-power,  will  eurrive. 

Then  Mr.  Preece  objects  to  my  use  of  the  term  "  quasi- 
metallic:"  I  did  not  invent  the  term,  and  it  is  sufficiently 
distinctive.  Curiously  enough,  Mr.  Preece  seemed  to  think  that 
ji  body  possessing  quasi-metallic  conductivity  must  necessarily 
be  a  semi-conductor.  Indeed,  I  think  he  was  quite  sure  on  the 
point.  Really  I  did  not  suppose  that  at  this  time  of  day  it  was 
needful  to  enlighten  Mr.  Preece  that  conductors  may  be  divided 
broadly  into  two  classes — one  comprising  those  which  conduct, 
like  metals,  without  decomposition ;  and  those  which  conduct  with 
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decomposition,  and  which  are  called  electrolytes.  And,  further,  I"''""' 
hat  there  is  a  group  of  bodies  wiiich,  though  not  naetals,  conduct 
ike  metals — amongst  them  being  such  substances  as  [ihosphor- 
bronze,  iron  p^Tites,  retort  carbon,  galena,  sulphide  of  copper, 
selenide  of  copper,  magnetic  oiide  of  iron,  and  so  forth.  These 
bodies,  being  not  electrolytes,  and  not  metals,  conduct  as  metals, 
and  therefore  possess  quasi-metallic  conductivity.  Neither  are 
■they  the  same  thing  as  semi-conductors.  Amongst  the  substances 
classed  by  the  authorities  as  semi-conductors  are  powdered  glass, 
flour  of  sulphur,  and  dry  ice  :  I  have  yet  to  learn  that  any  of 
i  hese  possess  quasi-metallic  conductivity.  Jloreover,  most  of 
the  substances  I  have  named  above  as  having  quasi-metallic 
condnctiWty  are  excellent  conductors.  Retort,  carbon  is  a  good 
conductor.  Faraday  singles  out  sulphide  of  copiier  in  particular 
as  being  a  good  conductor. 

Still  more  extraordinary  was  Air.  Preece's  jiosition  respecting 
t  questions,  -\fter  very  carefully  pointing  out — what  I 
If  have  definitely  stated — that  the  essential  part  of  the 
majority  of  the  transmitters  described  by  me  is  a  microphone, 
Ir.  Preece  then  turns  round  and  insinuates  that  my  instruments 
Jive  been  so  designed  as  to  avoid  infringing  somebody's  patents. 
Well,  that  is  a  very  curious  insinuation  to  come  from  Mr.  Preece. 
"What  does  Mr.  Preece  want?  Does  he  think  it  a  merit  in  an 
ventor  when  he  invents  things  that  are  infringements  ?  Is  it  a 
iC  to  invent  things  that  do  not  infringe?  I  expect  to  be 
;1  next  for  not  having  stolen  Mr,  Preece's  watch.  Did 
Profeasor  Hughes  patent  his  microphone  ?  On  the  contrary, 
eryone  knows  the  generosity — the  ill-advised,  ill-requited 
Tosity — with  which  that  splendid  invention  was  given  to  the 
Thanks  to  Professor  Hughes's  generosity,  I  am  as  free  to 
use  a  microphone  in  my  instruments  as  I  am  to  use  a  binding- 
screw  or  a  speaking-tube.  8urely  Mr.  Preece  must  have  forgotten 
brief  when  he  abused  me  for  the  fact  that  my  instruments  do 
ot  infringe  anyone  else's  patents.  He  talked  rather  wildly 
about  a  patent  being  a  jjroperty  that  ought  to  be  protected. 
rotected  for  what  ?  To  make  it  an  inst.rument  for  grabbing 
her  inventions  that  are  not  included  in  its  claims?     Is  that 
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'oiBot  the  new  moralitv  of  which  ^Ir.  Preece  is  the  devoted  advocate  ? 
If  a  man  who  is  not  the  first  inventor  of  telephones  takes  out 
a  patent  for  one  kiud  of  electric  telephone,  is  that  patent  to  be 
aftenrards  ao  stretched  and  broadened  out  that  it  ia  to  include 
all  other  kinds  of  electric  telephones,  including  those  that,  are 
esrpreasly  excluded  by  the  inventor's  own  specification?  If  that 
is  Mr.  Preeee's  meaning,  then  I  can  only  ask  you  to  listen  to 
these  words,  which  were  uttered  in  this  very  room  on  the 
aSrd  of  March,  1882": — "If  the  power  of  conversation  by  the 
variation  of  an  electric  cmrent  is  to  be  made  a  monopoly,  then 
there  must  be  something  very  rotten  in  our  patent  laws,  and 
something  that  urgently  requires  reformation."  The  speaker  on 
that  occasion  was  Mr.  William  Henry  Preece. 

Now.  lastly,  I  come  to  Mr.  Preeee's  extraoi-dinary  views  as  to 
the  work  of  long-range  telephony.  He  told  us  that  it  wasn't 
instruments,  but  the  environment  of  the  lines,  that  must,  be 
altered.  He  told  us  about  his  esperiments — how  ho  had  talked 
on  a  special  line  some  270  miles  long,  across  the  South  Midlands, 
with  greater  ease  than  from  St.  Paula  to  Westminster.  It  sounded 
very  fine ;  but  what,  was  the  practioil  value  of  the  esperimeut  ? 
He  went  down  to  Hanwell,  and  talked  thence  to  NeWn.  Who 
wants  to  talk  from  Hanwell  to  Nevin?  There  ia,  I  believe,  a 
lunatic  asylum  at  Hanwell ;  what  there  is  at  Nevin  I  do  not  know. 
I  believe  it  is  an  obscure  village  in  South  Wales.  If  getting  rid 
of  environment  means  that  we  shall  only  he  able  to  talk  from 
Hanwell  to  Nevin,  and  not  be  able  to  talk  from  the  heart  of 
London  to  the  heart  of  Binningham  or  of  JIanchester,  then  the 
less  said  about  it  the  better,  Mr.  Preece  appeared  to  have  got 
environment  on  the  brain.  To  get  rid  of  environment  ia  simply 
absurd,  unless  we  are  prepared  to  pull  down  all  telegraph  lines,  all 
electric  bells,  and  all  electric  lights,  to  make  way  for  the  tele- 
phone. To  sum  up  the  matter:  Mr.  Preece  says  that  the  suc- 
cessful transmission  of  speech  by  telephone  depends  on  the 
environment  of  the  wire,  not  on  the  instrument ;  and  he  supports 
bis  view  by  alluding  to  cases  where,  conditions  (which  would  be 
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impossible  in  ordinary  practice)  being  entirely  favourable,  speech  g^'g,^ 
was  transmitted  by  ordinary  inatruments;  and  he  concludes, 
therefore,  that  special  instroments  are  not  •  required.  My 
armament,  on  the  other  hand,  was  that  the  environment 
being  in  practice  entirely  UQ&vonrable,  as  acknowledged  by  Mr. 
Preece,  I  propose  to  use  instruments  which  will  enable  me  to 
neglect  and  disregard  the  effect  of  the  environment.  I  can  only 
tiay  that  I  am  qnite  willing' to  await  the  verdict  of  posterity  as  to 
the  issue  between  us. 

The  PresideSt:    We  have  already  passed  a  hearty  vote  of^iu„. 
thanks  to  Professor  Thompaon  for  his  paper,  and  I  am  sure  that 
yon  will  all  agree  that  he  has  Javoored  ns  with  a  very  able  reply 
to  the  very  full  discussion  upon  his  paper.     We  wish  him  success 
with  his  telephone, 

A  ballot  for  new  members  took  place,  at  which  the  following 

were  elected:^ 

Memher: 

Dr.  C.  Baur. 

Associates : 
William  Henry  Butler.     |  Philip  Jolin. 

Students: 


Edwin  Percival  AUam. 
Eobert  William  Paul. 

The  meeting  then  adjourned. 


Albert  Ernest  Richardson. 
Stanhope  Evelyn  Thornton. 
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ACCESSIONS  TO  THE  LIBRARY  FROM  DECEMBER  1,  1881!,  TO 
MARCH  81,  1887. 

(ITorlit  vlarlied  Ihtu  (■)  havt  been  pvrthasad.') 

n  u  n,xTicviAB.i.j  nEsm^Bi.K  ihat  HEuniE^  siioL-LD  pBeaRitT  canta  or  thbii 

irOBES    TO  Tax    LmnAKT    19    SOON    AS    I'OaaiBLB    tllKIt    rUBLICATION. 

American  Bell  Telephone  Oo.  The  Telephone  Appeals.  Q'iiJi'  Dolbear, 
Amos  E.,  1',  Auitricmi  Bell  Telephone  Co.  Vide  People's  Telephone  Co. 
r,  American  Bell  TeltplK^ne  Co.] 

Baudot  [M.  E.]    Tfiltfgraphe  Imprimenr.    Notice  Descriptive.  8t'0,    U6  pp- 

Parii.  1665 

[Presented  b.v  J.  Aylmer,  Member.] 

S6doybt6-     [y^'de  Domont,  Leblftnc,  and  BfdoyJ-re.] 

Berly  [J.  A.]  UniTeraal  Electrical  Directory  and  Advertiser.  The  Elec- 
trician's "Vade  Mecum,"  Containing  a  mnipltte  record  o(  all  the 
Industriea  directly  or  indirectly  connecieil  with  Electricity  and  Mag. 
uetism,  and  the  Names  and  Addreeset>  of  ^Manufacturers  iu  Great 
Britain,  America,  the  Continent,  ic.    8vo.    404  pp.  Inndon,  1887 

"  Brennan   rRev.   Martin   S.]     A   Popular  Espcsition   of  Electricity,   with 
tSketches  of  some  of  its  Discoverers.    8vo,     191  pp.  Nov)  Turk,  ISBS 

Oabftnellas  [GttHtave].  Frinclpes  Tht^onqnes  et  Conditions  Techniques  ile 
TApplicnlion  rie  VSlectricit*  au  Transport  et  la  Distribution  Auto- 
inatiques  de  I'^nergie  lous  ses  principaks  formes  Clialeur.  Lniuijire, 
Slectricite,  Action  Chimique,  Action  MiScanique.  ObBtrvations  de 
MM.  Contamin,  Uauet,  Cabanelia?.  8vo.  77  pp.  [Ext.  des  ProcJs- 
Vcrbaux  Bocitjte  des  Ingenieurs  Civils  des  Bfancea  dee  19  Mar*  et 
7  Mai,  188fi.]  Paru,  1B86 

[Preaenled  Ify  J.  Aylnier,  Member.] 

Lettre  i  M.  Drumont,  18th  Nov.,  I83«.     8vo.    8  pp.  I'i'ni,  ISBS 

[Presented  by  J.  Aylmer.  Meuiber.i 

Caasagnes  [O- -A.]     La  Steno-TfU-graphie.    4to.    3  pp.  Punj,  1886 

[Presented  by  J.  Aylmer,  Member.] 

[Fide  Despeissis.] 

Claxk  [Latimer].  Transit  Tables  for  1887.  Giving  the  Greemvirli  Mean 
Time  uf  Irsnsil  of  ilie  Bun,  and  of  certain  Cluck  Biars  fur  every  Day 
in  the  Tear.  Computed  fnim  the  "Kautieal  Almnnac"  tor  popular 
use.      evo.    68  pp.     [Published  1886.]  Londm,  1886 

[Fide  Kayleigb,  LiTd,  and  Siilgwiclt,  Mrs.  H.] 

Clay  Commercial  Telephone  Co.    The  Telephone  Appeals.    [Fide  Dolbear, 

Amos  B.,  r.  Aniericnn  Bell  Telephone  Co.,  *c.] 
Coleman  [J.  J.]    [P'-ic  Smilh,  H,  Angus,] 
Oontamin.     [Fide  CabanellBK.] 
Ctompton  &  Co,  [B-  E.]     Note-Book  with  Price  List  and  Userul  FormultB. 

73  pp.  London,  1886 

Day  [Capl.  Francis  J.],  H.E.     [Vidi  Bojal  Engineeri*  Intlitate.j 
2fe  la  BSdoj^n-    [Vid<  Dumont,  Leblanc,  ami  Bfdoyire.] 
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Del&h&ys  [^-]  L'AnnaeEleetrique,  ou  Expose  AnoueL  dea  Travuiuc  S<;iea> 
Udques  lies  iDVvotiuDs  et  des  prmcipulea  ApplliMiCioiu  de  I'^lecCricicS 
k  i'ladtutrieeCaui  Arts.    Troisiimu  Anni-'c.    avo.    SSOpp.     I'aTit,  1887 

DeSpeissiB  [^-  U-]  ^^  Stt'no-Tc'lugraphle.  Sysii^me  nouveau  de  l^ldgraphie. 
iii-tveli!  pat  JI.  ij.  A.  CiSBflgues,    Hyo.     15  pp.  Pom,  1886 

fP  resell  ltd  by  J.  Aylmer,  Member.] 

Dolbear  [Am™  E.]  et  al  «■  American  Bell  Telephone  Co. ;  Molecular 

ITdi^ptione  Co.  Ht  tH,  v.  AniHnuiiii  Hell  TuiepliuuD  Uu.  ki  al.;  Clay 
Coinuiercisl  TelepUoiie  Co.  etal.  r,  AmBrican  BkII  TelephunH  Ca.  a',  a  I. ; 
Peuple's  Telepboae  Co.  ut  al.  t>,  Americuii  Uell  TidlepUunc  Co.  et  nl. 
(Srawbaugli  Case) ;  Uverland  Teleptaooe  Crj.  et  al.  v.  American  Belt 
Telepbonu  Co.  et  al.  The  Telepliuue  Appeals,  Brief  for  American 
Bell  Telephoue  Co.  8vo.  lixvi.  +  6oiS  pp.  Oral  Argument  of 
Sir.  8torrow  on  the  Bell  Patents — the  lleis  Uefuuce— Infrmgemeat. 
8vii.    viL  +  UBS  pp.  floii™,  1887 

[Preieoted  by  American  Ball  Toleplione  Co.] 
DowBon  C^-]     Puc^el-Book  of  Electrical  Tusis,  wilb   Skeletan  Diagrams. 
I'ublietied  for  Mie  uae  of  the  Telegraph  l)epanm<!at  of  tbe  Govi^ra- 
uii!iit  of  India.     Sm.  8vo.    69  pp.  Madnxi,  1S86 

Dmmoat.     [Vidr  Caban«lla».] 
"  Dumont  [Ge'"'ges],  Leblanc  [Slaurlci?],  and  B^doydre  [E.  <le  la].    Die. 
tjuunaire  Tti-'oriqao   et   Pratiqae   d'Electricili:   cc    Je    MagacitiBinii. 
Fiiscictlles  1  anil  ]1.    Sm.  fu.     &1  pp.  Parii.  1887 

£d£eworth  [Richard  Lovellj,    An  Essay  on  the  Art  of  Conveying  Becrtt 

I  and  Swift  lutulligeDCC.     With  Supplement.    4to.    49  pp. 

London,  1795 
[Presented  by  Professor  BiWanus  P.  Thompson,  Member.] 
Bstienoe-    ^^  T^Wgraphe  Estienne.    Description  du  muddle  dt^flailif,  aveo 
pluines  mobiles,  livrf-  au  Miniaiere  dfa  PoaiL-s  et  Ttil^graphea.    8vo. 
Vii.  +  -'3  pp.  Pari*  a  Iniiiva,  1886 

[Presented  by  0.  Qeriiiirdi,  Mumbor.] 

Finn  [W'illiam].     [Vidt  Terry  and  Finn.] 

Pag  [J.  A.]    Short  Lectures  io  Electrical  Artisans.    Being  a  course  of 
ejiperimeutal  Itctares  delivereil  to  a  pr.icUcal  nudience.    8vo.     ■20S  pp. 
London,  IStlQ 
:   [Q.   Careyj,    Ueber  eiue  veriioderle  Form   dor   W heats tone'schen 
Brliclce  und  Methodeu  zur  Mussung  Kleiner  Widr-rstkudu.    8vo.     7  pp. 
[Jnn.  der  Fhyi<k  and  Chamii,  Neue  t'olge  Band  XX.V1.J       Laip^g,  1B85 
Note  on   a   Muthod  of   Determining  Cocllicients    ot   Mutual    In- 
iuotioa.    6?o.    9  pp.     {fhil.  Hag.,  February,  1887,  p.  121.1 
London,  1887 
HagESTSton   [W-  J.]     Supplementary   Oatalogne  uf  Books  added  to  the 
Lending  Department,   Mewcastlu-upon-Tynu  Public  Libraries.    Svu 
a-JO  pp.  iiondon,  1887 

Bauet.     [Vide  Cabanellas,] 
Hazell.    [I'l^  Price.] 

HopMnaon  [I'r.  J.],  P.E.a.  The  Electric  Lightlioiwes  of  Macquaria  and  of 
Tino.  bvu.  !i3  pp.  Platea,  {Pi-oc.  lint.  Ctu.  Eng.,  Vol.  LXXSVIl., 
KcBiiun  ISSU-Bf,  lart  I.]  London,  1886 

Indian  Telegraph  Department,    Administration  Beport  tor  igSS-ai;.    Fo. 

45  pp.     Plalw,  CufeulSa,  1886 

Institution  of  Civil  Engineers,  Minutes  of  Proceedings.  Tul.  LXXXVII 
8v>r.     aub  pp.  Lontion,  188tj 

lastttation   of  Mechanical   Ensineers.      Proceedings.     August,    188 

Luudun  Bummer  MceLini;,     Ovo.      laa  pp.  [pp.  367  to  4Bi].     Plates. 

London  van 
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Hourlon  [Charles], 
Plates, 


Iron  and  Steel  InBtitQte.    Journal  of.    No.  ■?,  188S.  Byo.   lOflS  +  lxvi,  pp. 

LoH'}i-n,  1886 
[ExchangT:',] 

Kew  ObaervatOiy.  Beport  of  the  Kew  Committee  for  the  Year  ending 
Uct.  31,  IS66;  witli  Appendices  containing  result!  of  Magn«iicaf, 
Meteoroloffical,  and  Solnr  ObservAtioDs  mRde  at  tLe  ObservtL'ory. 
evo.     25  pp.  London,  ]BB6 

Exal  [Johaim].  Dee  Mone'Telegrapli.  Ein  Handbuch  zum  Oebrauclie 
Illr  Telegmpben-Aipirantun  und  Beauitf.    Svo.    220  pp. 

Marburg,  1872 
[Presented  by  R.  von  Fischer  Trenenfeld,  Member.] 

La  B^doyere.    \Vii«  Domont,  Lebiacc,  and  B«dojJre.] 

lieblanc     [Vide  Dumout,  Leblanc,  and  Biidoy&re,] 

Molecnlar  Telephone  Oo.  The  Telephone  Appeals.  IVidt  Dolbear,  Amos 
E.,  r,  Amerlciin  Sell  TeJephoue  Co.,  So:.] 

lA  Tflfphonie  Friv^a  en  Belgicjuc.    Lh.  Svo.    44  pp. 

Bnixdlti,lBie  (?) 

Les  Ti!]i'plioneB  Umels.     Denxivnie  Edition.    Sva.    S31  pp.    Plates, 

Bru^eilei  and  Purk'^. 

Mnsier  [J.]  Notice  aar  le  TJltgrapLe  Imprimeur  Itlultiple.  La.  8vo. 
«  pp,  Parit,  1887 

[Presented  by  J.  Aylmtr,  Eeq.] 

Mlinro  [J-]  Electricity  and  its  TJsea.  8vo.  200  np.  Second  Edii.iou, 
Keviaeil  and  Enlarged.  Londcm.  1S87 

Ordnance  Department,  n.S.A.  Annoal  Report  of  the  Chief  of  Ordnance 
to  tli«  Secretary  of  War  for  tlia  Fiscal  Tear  ended  Jvuie  30, 1886.  8ro, 
26  pp,  IVoj'itnufrjn,  1886 

[Exchange.] 

Overland  Telephone  Co,  The  Telephone  Appeals.  [Fid*  Dolbear,  Am ob 
K.,  1'.  Americiii  Bell  Telephone  Co.,  itc] 

People's  Telephone  Co,  et  al-  >'■  American  Bell  Telephone  Co.  et  aL 

The  Telephone  Appeals.    Oral  Argumtntof  Mr.Sluvraw  on  the  Draw- 

bauyh  Defence.    8vo.     vi.-i- 151pp.  JjAtli^ii,  1887 

[Presented  by  the  American  Btll  Ti-!eplione  Co.] 

People's  Telephone  Oo.  I'be  Telephone  Appeals.  [  Vide  I>Dlljear,  Amos  E„ 
V,  American  Bell  Telephone  Co.,  4c.] 

Perry  [John].     [Vide  Urbiinitiky.] 

Bulletin.       Vol.    DL       gvo. 

Wathiaglon,  1867 

[Exchange.] 

Price   [E.  D.]    (Editor),     Hazell's  Annual  CyclopMdia,   1886.    Containing 

nsflily  S.CiOO  Concise  and  Explanatory   Articles    on  every  lojiic   of 

current   Political,  Social,   and   General   Interest  ruferred  to  by  the 

Press  and  in  Daily  Couvtirsation.    8vo.     SSG  pp.  Limdcn.  1886 

[Presented  by  lUesars.  Haiell,  Watson,  i  Vincy.] 

*  Pulvermacher  [J.  L.]  Galvanic  Electricity  ;  Its  Pre-eminent  Power  and 
Effects  in  Preserving  and  Restoring  Health  made  Plain  and  Useful. 
PTO.     104  pp.  London.  1876 

Bayleifh  [Iiord].  Experiments  to  Detennioe  the  Value  of  the  British 
Association  Unit  of  Resistance  in  Absolute  pleasure.  Abstract.  4to. 
a  pp.    [Proe.  lioy.  Soc,  No.  21fl.  March  9,  ItOM.]  London.  1862 

I  On  the  Absolute  Measurement  of  Electric  Currents.    4ta.    3  pp. 

fffni.  Jieae.  JiepoH  M  1^82.]  London,  1882 


PhlloBophJcal  Society  of  Washington, 

Ivi.  +  57  pp. 
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Bajrlei^  [Lord],    Compariion  of  Methods  for  the  I)et«TiiuQatioii  of  Resii. 

UnceB  in  AbaoluU  Meaiare.    4to.    IG  pp.     [PM,  Mag^  Nov.,  IHH2.] 

Londt^.  1B82 
• Eiperimentg  [o  Determine  tlie  Value  of  the  British  Aatociatioii  Uuit 

of  Reaiolancein  AbjoluieMeusure.    4to.    3r|ip.    Plaie.     [P7uil.  IVaiu., 

p»nll.,  IBS:;.] 


'    On  the  Mean  RbiUub  of  Coils  of  Insulated  Wire.     4U), 
CamliKiJgo  FKit.  Snc,  Vol.  FV.,  Part  VI.,  Feb.  12,  1883.] 

-    On    the    Imperfection    gf    the    Oalvanometer 
ETODescence  ol  a  TrHUsient  Current,    ita,    S  pp. 


LmuUn,  1882 

8  pp.    [Prof, 
Lonit/n.  1883 


BS    a    Test    of    the 

[Bnt,  jliiOf.  Rcp-rl, 

London.  18S3 


1863.] 

-  On  the  Mea»Qrement  of  Electric  Currents.  4to.  'j  pp.  [Ptw 
Cambridge  Fhil.  Soc,  Vol.  V.,  Fart  L,  Nov.  26,  1S83.]  London,  1883 

-  On  the  Measnrement  of  the  Elei;trical  Besiilance  between  Tvro 
HeigbbouriDg  Points  on  il  Conductor.  With  an  Account  of  Experj. 
loenti  bv  R.  W.  Shncklt,  Jl.A.,  ami  A,  W.  Ward,  B.A.  4to.  2  pp. 
IProe.  Camtrridja  Phxl.  Soc.,  Vol.  V.,  Part  II.,  Harch  10, 1884.] 

London,  18B4 
-■    On  Clark's  Standard  Cells.    4to,     1  p.      [Brit.  Aaoc.  Sefori,  1884.1 

London, 1S84 

-  On  a  Galvanometer  with  Twenty  'Wires.  4to.  2  pp.  [Brit.  Atsrx. 
Report,  lee4,]  London,  I8B1 

-  On  the  Caastant  of  Magnetic  EotatioB  uf  Light  in  fiiaalphlde  of 
Carbon.     4to.      24  pp.      [Phil,  Tnr.iu.,  Part  U..  1885.] 

Ditto  ditto.  Preliminary  Note.  4W.  i  pp.  fproc.  Boi;-  Sec,  No. 
232,  June  19,  1884.] 

Ditto  ditto.  Abstract.  4Co.  2  pp.  [Froc.  Sov.  8ae.,JSo.2Z5,  Jan. 
ie,  188S.]  London,  18B4-8S 

-  On  the  Clark  Cell  a*  a  Standard  of  Electro-motive  Force,  4to.  20  pp. 
IPhil.  TTont..  Part  n.,  1885.] 

Ditto  dilto.  Abstract.  4to.  2  pp.  [Pi'db.  Jtoy.  Birf.,  No,  I'iS,  Jan. 
31, 1B8S.J  Lmdo*,  1885-88 

A   Cullectlon  of  Fapen  on   "  Electrical  Heosuie- 

1886 

On  the  Determination  of  the 

[ProcS^.  Soe,  No.21B,  May  6, 

Londim,  1881 


Kayleigh  [Lord],  &c. 

uieiils."     -tlo. 

Bayleigb  [Lord]  and  SchuatBr  [Arthur]. 
Ohm  in  At»ulute  Measure,    ito.    35  pp. 
1661.] 


Kayleigll  [Dord]  and  Sidgwick  [Mr».  H.]    On  the  Specific  Resistance  of 
ilficury.    Abstiact.    4t,o.    2  pp.    [Pci^c.  Koy.  SociNo.  220,May  4, 18B2,] 

London,  1882 

—  Experiments,  liy  the  Method  of  Lorentz,  for  the  farther  Determina- 
tion of  the  AbaolDte  Valueof  the  British  Association  Unit  of  Resistance  i 
with  an  Appendix  ou  ihu  Delurminatiun  of  the  Pitch  of  a  Standard 
Tuning-Puik.     4to.     30  pp,      [P).il.  Vranw.,  Part  I.,  1883.J 

Dilto  ilittu.  Abstract,  ito,  3pp.  [Proc.  Boy. Soc, No.  228,  Jan.  II, 
1683.]  Lmdvn,  1883 

—  On  the  BpeciBc  Resistance  of  Mercury.  4to.  13  pp.  [Phil,  Tratu.t 
Part  1.,  1883.]  London,  1883 

—  On  the  £let;t^o-t^hemical  Equivalent  ol  Bilver,  and  on  the  Absolate 
Electro. motive  Force  of  Ohirk's  Cells.  4to.  49  pp.  Plate.  [Phil. 
Tram.,  Pari  II.,  1884.] 

Dilto  ditto.  Abstract,  4to.  4pp.  [Proc.  Bov.Soc.,  No,  232,  June  19, 
1884.] 

Dillo  ditto.  Preliminnry  Notice  by  Lord  Rayleigh.  4tD.  2  pp. 
fPr«c.  Koy.  Btie.,  No.  231,  MftTch  27, 1884.]  London, 'U»\ 
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Royal  Engineera'  Institute.  Occasional  Pupers.  Vol.  S.,  I83i  Pro- 
fesaiLiiial  PHpera  of  tlie  Corps  of  Royul  Engineers.  Edilecl  by  Csptnin 
rmncis  J.  Day,  B.E.    8vo.    2S8  pp.  Chalham,  18SS 


SalomonB    [Sir   Darid],   Bart. 
20  pp. 


Tlie  Management  of  Accomnlatiirs,    Svo. 
Tunlridgt  WaUt,  188B 


.    Complete  Handbook  on  the  Management  o(  AccumulatorB.     Second 

Edition.     Beviaed  aod  Enlarged.     8vo.    Ul  pp.  LuTtdon,  IBS? 

Schuster,     [Fide  Eayleigli,  Lord,  and  Bchuater,  A.] 

Shackle  [E.  W.J     [Fid.-  BayUigli.  Lord.] 

SidfTWick  [Mrs.  H.]     {Vidii  Rayleigh,  Lord,  and  Bidgwick,  Mrs.  H.] 

Smith  [Dr.  B.  Angm].  The  Ijife  and  Works  of  ThoniHS  GraLam.  D.t'.t.,, 
F.R,B.  Illuntrated  by  Sixty.four  Unpuhliebed  Letlers.  Edited  liy 
J.  J.  Ooleman.     Portrait.    8vo.     114  pp.  Olat^"u\  18B4 

[Preaenled  by  Uih  EJitor.] 


moires  aur  I'f^lectixi-dynanutjue.    Secondo 

Pa™.  18B7 


•  TTrbanitzky  fDr.  Alfred  Ritier  vonl. 
A  Pnpular  and  Practiual  Treatise 


Soci^te  Francaise  de  Physique.    Collection  de  Mvinoire*  relatits  i  la 
Phymiiue.     Touib  111.     Mi' 
Pnrlie.    8vo.    JOa  pp. 

Teny  [Aslley  C.j  and  Finn  [William].  Illngtrations  and  Descriptions  of 
Telegrapliio  Apparatus.    8vo.    91pp.     30  Plales.       Bvgala.  N.T.,  ISM 

Treuenfeld  [R-  von  Fischer].  Die  Militartelegrapbie  in  Scliweden. 
[Sepii Til tiibd ruck  ftUs  der  ElAlrcitechmichen  Zcilfchrijl,  August,  I8S6.] 
ilo.     13  pp.  Berlin,  18B6 

Electricity  in  Ihe  SerTioe  of  Man: 
npujar  and  Practical  Treatise  of  the  Applications  of  Electricity  io 
Modem  Life.  [From  Ihe  Genu nn.]  Edited,  with  Copious  Additions,  by 
H.  Wormell,  D.Sc.  With  an  Introduction  by  John  Perry,  F,H.a.  8to. 
8i9  pp.  LandoTi,  1886 

Ward  [A.  W.]     ride  Hayleigb,  Lord.] 

Watson  [Tlioma"].     [Tide  Smith,  B.  Angus.] 

Wormell  [B.]     [Vide  trrbunitzky.] 

*  Zetzsche  [Dr.  K.  E.]  Handbnch  der  Elektrischen  Telegraphie.  Dritte 
Biin^  [Erste  BUHe).  Die  Elektrische  Telegrapliie  im  engeren  Binne 
PQufte  Lieferung — Die  Telegraphanapparaie.     8vo.     Pp.  GIffl  to 

Btrlin,  1SS9 
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ABSTEACTS. 


I    B.  L,  TBENCH— A  RELATION  BETWEEN  MAONETIBING  FORGE 
I  AMD  CORE  OF  MAQHET. 

r  (^Electrieian  and  Elmtntal  Evjincor,  Vol.  5,  !fa.  eO.Ilcf.,  1888, pp,  415-40.) 
I  It  ii  ot  interest  to  know  the  greatest  number  of  aiupJire-tunis  that  can  bs 
pued  eeoQomicallj  on  a  given  core.  The  currenta  for  asvcral  cores  of 
^.iUluallj  increasiog  sue  were  flrat  aBcertaiced  j  tlie  highest  economical 
BtUTcnti  were  then  plotted  tor  eacli  roa^net,  and.  a  llnal  ciirre  was  drawn, 
taking  iheae  highest  ecDDomiDii!  currents  as  abscissx  nod  the  diameter  of  the 
core*  as  onlinaUs.  The  simplified  equation  for  this  curve,  giving  the  relation 
between  the  current  and  the  diameter,  is 

y  =  0  .('  -  26x'  f  22  i>  _  0-7  J-  -  0-22. 

HaiiDg  thus  found  the  current  for  a  givea  core,  it  must  be  multiplied  by  the 

number  of  turns  to  get  the  magnetising  force. 

^^_        Tlie  hoiseshoe  electro-magnets  exporimeuled  upon  varied  in  diameter  from 

^^k-23  cm.  to  G-34  cm.,  the  length  of  each  limb  being  Abnut  20'S  cm.    Aljove 

^^PhcU  bobbin  OQ  the  electro- mngnets,  a  small  si):ice  was  left,  under  the  armature, 

^^ptu  which  a  narrow  coil  of  Due  wire  could  be   placed.     The  electro- magnets 

were  excited  by  an  accurately  measured  current  from  adynamo.    The  narrow 

fil  of  fine  wire  was  connected  to  a  galvanometer,  to  that  on  reversing  the 
hiB  current  the  induced  current  in  the  narrow  coil  could  be  measured. 
"om  tliis  the  strength  of  tlia  magnet  is  arrived  at,  as  it  is  proportional  to  the 
le  of  half  the  angle  of  dellectiuii. 


fEBKAT  —  REPORT      OF      THE      CHEMICAL     SECTION     OP     THE 
ACADEJir  OF  BOIENCE  ON  MR.  MOISSAN'S  EXPERIMENTS   FOR 
THE  BEPARATIOS  OP  PLUORIKB. 
(Comjjie*  fiend.u,  Vol.  W3,  No.  19,  Nai:  8,  1886,  }<i>.  850-60.) 
The  question  of  tha  separation  of  fluorine  is  one  which  hiu  long  occupied 
the  attention  of  cheniiats.  thciu^ii  up  to  the  present  time  all  the  experiments 
mode  have  been  attended  with  very  little  success,  owing  to  tbe  cxtntordinary 
chemical  energy  of  Huorine,  which  causes  it  to  combine  with  almost  ever; 
^_Other  body. 

^^K      Davy  first  tried  to  separate  fluorine  by  the  electrolyaia  of  liydrofluorio 

«Gid ;  he  found  that  bis  platinum  electrode  wan  attacked,  but  he  was  never 

able  to  BepatHle  the  active  agent.     Frtiny  also  tried  to  leparate  fluorine,  by 
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■aecen.  His  experiments  of  the  electrolTsii  oE  fluoride  of  potassium  were 
more  Eucceasful,  at  lie  noticed  the  production  of  a  gas  which  decomposes 
water  and  replaceB  the  iodine  in  iodides  j  this  gas  he  cuacluded  was  fluorine, 

Atr.  Motasan.  after  attempting  unsaccei&l'ully  the  separation  of  ftuorinc 
fay  cbemiciU  reoctioti;,  took  up  agaiu  the  process  of  tlie  electrolysis  of  byilri- 
Huoric  aoiid.  The  acid  was  condensed  in  a  (J  tube  of  platiuum  pUced  in  a  bath 
of  methyl  chloride  kept  always  at  a  temperature  less  than  —23°,  which  if 
necessary  could  he  reduced  to  —50°.  Tlie  ends  of  tht'  platinum  (J  tube  were 
closed  by  plogs  of  fluorspar,  through  whicU  pnased  the  platinum  electrodes, 
while  two  lateral  tubes  gave  passage  to  the  gas  evolved.  AnUj'iirous  liydro. 
Huoric  acid  being  a  had  conductor,  a  smii!!  iiuiiutlty  of  potassium  Suoride  was 
added.  The  current  from  SO  Bunsen  cells  was  allowed  to  pass  for  two  or 
three  honrs,  and  it  was  found  that  liydrogen  wa*  given  off  regniarly  at  the 
(legative  electrode,  while  at  the  positive  electrode  there  wua  evolved  a  gas 
which  attacks  metals  with  the  formation  of  fluorides,  decomposes  water,  com- 
bines with  phosphorus  so  violently  as  to  sat  it  on  Are,  sets  lire  alsu  to  silicon 
with  the  production  of  fluoride  of  silicon,  and  violently  attacks  must  organic 
compounds.  This  gas  may  he  Suorine  or  perfluoride  of  hydrogen,  or  a 
mixture  of  hydrofluoric  acid  and  oione.  The  lost  hypothesis  is  nnteiiBble.  as 
it  would  necessitate  the  presence  of  water  with  the  hydrofluoric  acid.  IThe 
uecond  is  alio  rejected,  because  the  f;aa  produced  at  the  positive  pole  is 
entirely  absorbed  by  iron,  forming  fluoride  of  iron,  without  leaving  any  trace 
of  hydrogen.  The  gas  evolved  by  the  electrolysis  of  hydroBuoric  acid  i* 
therefore  reallv  fluorine. 


O.  A.  CABSAONES-STENO-TELEGRAPHY. 

(Cnrnjiftfl  R^nilns,  Vol.  103,  .\'(..  24,  Dec.  13,  1886,  pp.  1100-3.) 
This  is  a  direct  application  of  the  mechanical  shorthand-writing 
apparatus  to  ti-lffe'rapby.  At  the  sending  slation  is  placed  the  mechanical 
sitin<~'gTBphic  instrument,  by  means  of  which  the  i:'perator,  always  following 
the  words  spoken,  can  punch  a  row  of  boles  iu  a  paper  slip,  arranged  in  small 
hori7.ontal  lines,  earh  of  which  represenis  at  least  one  syllable.  The  per- 
forated slip  is  placed  under  an  automatic  transmitter,  and  the  current  passes 
through  the  punched  hoUs  to  line  through  a  distributor.  At  the  receiving 
station  the  current  arrives  at  a  receiver,  which  is  a  counterpart  of  the 
distributor  at  the  sending  station,  with  which  it  moves  synchronously.  The 
several  contacts  of  the  receiver  are  in  connection  with  a  scries  of  polarised 
relays,  equal  in  numbiT  to  the  keys  of  the  stenographic  instrument,  which  set 
in  action  the  printing  apparatus ;  the  row  of  holes  at  the  sending  station  is 
thus  transformed  into  a  row  of  marks  at  the  receiving  station.  The  paper 
slips  then  each  advance  a  step,  and  the  apparatus  prints  another  row  of 
marks. 

EsperimentB  on  a  single  wire  have  shown  that  np  to  SIS  miles,  400  words 
M  tainate  can  be  transmitted ;  up  to  400  miles,  260  word   a  minute ;  and  up  to 
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560  milei,  200  nordi  a  minnte.    Not  only  does  this  apparatus  incTcaae  tbe 

rapidity  of  traiiaiuissioii,  but  by  its  aid  a  speech  maj  be  takeu  doyrn  in  writing 
Ht «  place  hundreds  of  miles  distant  from  the  speaker. 


O.  BERSON— EFFECT  OF  TEMPERATURE  OK  MAGNETISATION, 

(Journal  de  Phyiiqua,  Tat.  B,  Oct.,  1886,  pp.  437-56.J 

A  but  of  a  magnetic  metal  was  placed  in  a  ma^etic  field  and  brought 
■nccetsively  to  TftriouB  temperatures;  tbe  total  magnetic  force  was  determined 
lor  each,  and  then,  the  magsuUc  iield  Imring  been  annulleil,  the  permanent 
magnetism  at  the  BSjne  tempuratme,  the  difference  giving  tbe  temporary 
magnetism. 

Tbe  magnetic  moment  waa  determined  by  Oaust's  method.  The 
magnetic  deli!  v.at  produced  by  a  coil  specially  made,  consisting  ol  a  glass 
tube  jiut  large  enough  to  admit  the  bar,  ou  which  was  wound  a  hare  copper 
wire,  having  the  spaces  between  the  turns  greater  than  the  diameter  ol  the 
wire.  Tbe  glass  tube  bad  tlaoges  at  each  end,  so  that  on  being  placed  inaiile 
■  metal  cylinder,  which  fits  the  danger,  the  copper  wire  does  not  make 
<ODt»ct.  The  metal  cylintler  was  plunged  into  a  bath  of  p,-irBf11n,  which  could 
be  heated  to  any  desired  temperature.  The  temperature  was  read  by  a 
thermometer  placed  inside  the  coU  aud  touching  the  bar  to  be  experimented 
upon. 

The  deflection  by  the  Gaussian  method  is  first  determined,  once  for  all,  for 
tbe  coil  alone  witliout  any  core ;  then  the  bar  is  introduceJ,  and  two 
magneUiing  currents  are  sent  through  the  coil,  each  being  reversed,  so  that 
four  deflections  are  noted ;  finally,  the  deBection  fur  the  bar  alone  without  any 
cartent  in  tbe  coil  is  deterntined. 

For  iron  it  appears  that  the  total  magnetisation  is  almost  independent  of 

the  femperal-urt.  at  least  within  the  limits  of  th&  experiments,  which  were 

ooatinued  up  to  841°.    It  seems,  however,  to  increase  very  slightly  at  tirst, 

and  to  reach  a  mnxi'"n'"  at  about  800".     The   magnetic  moment  of  n  bar 

.•C8  cm.  long  and  0'53S  cm.  in  diameter  was  Sso&nt  37".  and  36'1  at  292". 

Kicki-l  shows  much  more  marked  changes.  The  total  magnetic  moment 
of  a  cylindrical  bar  increases  with  the  temperature  up  to  about  200°,  and  then 
decreases  continuously;  above  290"  the  decvenae  becomes  very  rapid,  and 
the  moment  becomes  nil  for  a  temperature  below  310°.  The  residual  magnetic 
moment  constantly  decreases  as  the  heat  is  increased,  and  becomes  nil  at  330". 
The  tsmporary  magnetic  moment  begins  by  increasing,  and  reaches  a  maximum 
at  about  !B0'  or  260°,  and  afterwards  becomes  nil. 

With  cobalt  all  three  magnetic  moments  oootinnally  increase  with  the 
temperature,  as  far  as  the  eiperiments  liave  gone,  i.t„  to  321o. 

Experiments  on    tempered    steel   show   that    the  total   and    temporary 
magnetic  moments  increase  with  the  temperature  at  least  as  far  as  335"  i  tba 
dual  magnetism,  on  the  coutrory,  decreases  very  slowly  hut  continuously. 
le  magnelic  moment  of  ileel  bars  may  he  considerably  increased  by  mag- 
netiiiag  when  hot  and  bardeninjr  them  at  the  same  time ;  tliua  b>  \iu&«tlb& 


IGQ 


ABSTBACTS. 


steel  liar  magnetised  v,-\wa  cold  hnd  a.  taagaeiie  momeut  of  25"!,  but  when 
magnetised  hot  and  harilened  at  tba  aanie  time  the  magnetic  niomeiit  (or  the 
■ame  magnetic  field  was  49-45.  In  a  tecond  eiperimetit  at  17°  and  at  2W 
the  values  were  18-3S  and  IS'SS, 

The  behavioar  of  nickel  liaving  been  especially  remarkable,  further 
experimenla  were  maile  on  nickel  needles  to  determine  ihe  coefficient  k  at 
magnetic  suae  apt  ibi  lit  7,  and  the  coelflcient  n  of  magnetic  permeability,  for 
various  tempera  tn  res. 


T.  CALZECCKI-ONESTI— CONDUCTIVITr  OF  METALLIC  PILINGS. 

(Imtmal  de  f  fcyiigue.  Va\.  £,  Dueamhtr  1898,  y.  573.  U  A'uom  Cfnwneo, 
Vol.  17,fip.38-M.) 
A  glass  tube  containlug-  Blings  is  placed  in  a  voltaic  circuit;  it<  condae- 
tiTity  is  found  to  be  nearly  nil  -,  but  on  piaaing  throuijb  the  filings  the  induced 
currents  from  an  induction  ooil  the  Qlings  acquire  a  certain  degree  of  conduc' 
tivity  whicli  they  afterwards  preserve,  but  which  disappears  little  by  little  in 
time.  The  value  of  the  conductivity  depends  esseutially  on  the  chance  arrange- 
ment of  the  metallic  purticles. 


JL  BOITl— ELECTKO-CALOHIMETEE, 

{Journal  de  PAjn'aue,  Vol.  5,  DMember  188G,  pp.  576-7B.    n  Nuaro  CUnBHlo, 
Vol.  17, pp.  l-li.) 

The  electro-calorimeter  is  constructed  >vith  two  ipirat  Breguet  springs 
placed  one  above  tbe  other,  the  one  with  the  silver  inside,  the  other  with  the 
silver  oulside;  they  are  fixed  by  their  opposite  ends,  A  B>,  to  terminals  which 
bring  the  current,  joined  together  at  their  free  ends,  B  A',  and  at  atraut  the 
middle  C  of  the  height  uf  the  apparatus  by  a  small  rod  placed  in  their  common 
axis;  the  expansion  of  the  two  springs  tends  to  rotate  in  the  same  iliractioD  a 
metallic  pointer  or  a  mirror  fixed  to  the  springs  at  0.  The  arrangement, 
insulated  by  two  discs  of  ebonite,  is  enclosed  in  a  brass  tube  pierced  with  h 
number  of  holes;  this  tnbo  is  surrounded  by  a  double  ca^eof  large  siie,  con. 
taining  water,  and  intended  to  cut  ofF  all  radiated  heat  from  ontiide  objects. 
The  movement*  of  C  are  observed  by  Poggendoi-ff's  method. 

The  author  gives  the  mathematical  proof  Uiat  the  rise  of  temperature  of 
the  springs  is  proportional  to  tbe  quantities  of  beat  they  receive,  contrary  to 
the  opinion  expressed  by  Lenz  and  PoggendorEF.  This  theoretical  proof  is 
supported  by  the  results  of  experiments  in  which  the  electro-calorimeter  was 
compared  with  an  air  thermomeler.  The  results  agreed  very  closely;  snd  il 
is  worthy  of  note  that  the  electro-calorimeter  gave  results  just  as  accnruie  for 
alternate  currents  as  tor  continuous  currents.  The  instrument  was  of  great 
use  ill  determining  the  efficiency  of  the  secondaiy  generator*  of  Caulard  and 
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H.   TANNEB-SraOLTANEODS    TRANSMISSION    OF   MESSAGES 
Br  ONE  LINE  WIRE. 

(La  LurnVrs  EUrtrigue.  Vol.  S3,  Ha.  43,  Ott.  33, 1S86,  pp.  161-60.) 


Hie  object  of  this  article  i»  to  pusi  in  rovii;w  nppurutlla  far  multiple 
tramtiusiion  in  which  currents  from  difCerent  aourcea  or  oF  diDcrent 
naracter,  as,  iur  instance,  battery  currenta  and  induction  cuirenta,  operftte 
apparatus  nbicli  are  individually  seositive  to  one  or  tlie  otlier  kind  of 
•urrent. 
^B  In  an  English  patent.  No.  12,958,  of  the  7th  Febrnarj",  1850,  Highton 
^^noiats  out  the  poMibitity  of  using  ordinary  batter;  currents  for  working 
^^Khe  ituitraaieDti,  whlUt  currenti  from  electro-magnetic  generator!  might 
^^■k  naed  lot  actuating  sounders. 

^^P  Werner  Siemens,  in  1856,  piopoiied  the  simultaneoua  tending  of  ordinary 
battery  currentii,  and  of  allernate  currents  proiluceil  by  a  m^igneto-inductor, 
^^over  the  «ame  wire.  The  ordiuary  currents  would  act  on  anj-  electro-niagnete 
^^Bn  the  circaits,  bnt  these  latter  would  be  unaffected  by  the  alternate  currents, 
^^^Moh  could,  however,  act  on  an  electro-dynamometer  used  aa  a  relay. 

Itham  lia^gs.  in  1838,  took  out  a  patent  for  an  arraugement  for  triple 

irorkicg.    He  used  a  magneto -electric  current  fur  deflecting  a  needle,  a  very 

^^powerfnl  current  which  could   have  a  cheuiica!   aclitru  on   prepared   paper, 

^^knd  very  high  lension  currents  which  could  perforate  holes  in  paper  strips. 

^^"         The  patent  of  Hughi's,  taken  out  in  1858,  is  also  tor  the  combined  use  of 

battery  currenlj  and  of  induced  currents. 

In  1871.  Whitehonae  proposed  lo  make  use  of  earth  currants  in  conjunction 
with  battery  current*,  each  actuating  its  special  instrument.  As  he  puts  it, 
the  earth  currents  can  be  compared  to  the  deep  ivavcfi  of  Die  sea,  slow  and 
Kradoal  in  their  motion,  while  the  battery  currenta  resemble  ripples  on  the 
•nrfBce. 

Varley'a  patent,  No.  I  .OH,  of  1870,  ia  the  forerunner  of  a  great  number  of 
■ubKquent  apparatus.  He  made  use  uf  rapidly  undulating  currents  super- 
posed on  the  ordinary  currents,  the  former  actuating  special  harmonic 
,aoniiden. 

In  1676,  Eliiha  Gray  patented  a  combination  of  harmonic  telegraphs  witb 
'ordinary  Morse  inalrumenls,  which,  in  1878,  was  modified  by  the  introduction 
of  telephones  in  the  place  of  harmonic  telegraphs. 

It  is  to  the  patent.  No  1,177,  of  1879,  taken  out  by  Messrs.  Block  and 
osebrugh,  that  we  have  to  look  for  the  first  arrangement  of  two  parallel 
teUgraphio  wires  aa  a  telephonic  circuit.  The  telaphonea  are  interposed 
between  the  earth  and  a  condenser,  which  stops  the  battery  currents  while  it 
allows  the  passage  of  the  nndulatory  telephone  currents,  and  of  alternate 
currents  for  ringiag  up. 

In  this  same  year,  1879,  we  have  Edison's  American  patent,  No.  217,781, 

in  which  an  arrangement  is  described  capable  of  producing  three  variations 

enirent.    There  is  a  key  for  reversing  the  current,  a  second   for  making 
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vtrUtioni  in  the  itrengtb  of  tlie  correDt,  and  a  TibntiDg  reed  for  pro- 
liucing  an  Dcdulalory  ^^urrent. 

Field'*  AionricHii  patent,  Ni>.  342,411,  of  18SI,  treats  of  &  sextuple  tele- 
gT»ph  ;  two  k^yi  vary  the  intensity  of  the  curreoi,  and  «  third  produce* 
liknnoiuc  vibrations;  the  receiving  instrunieiits  are  arranged  to  answer  to 
each  Idiid  of  carrenl. 

Cuming  now  to  more  ntodem  tytt«mi,  we  have  Van  Hyiseibarghe'a  plan  of 
combined  telegraphy  and  telephony;  «iinilar  plana  by  Slaicbe  and  Van  der 
WeydCi  a  combiiiatii>n  uf  the  telegraph  with  the  plioiiophore  hy  Langdon 
Davies;  and  two  duplex  telegraphic  ajstems,  one  by  Edison  and  the  other  by 
Rosebrugli.  These  syatemi  are  somewhat  complicated  and  difficult  to  explain 
witliout  the  aid  of  the  diagrams  given  in  the  arlicte. 


H.  DEPBEZ— ISTEKBITT  OF  THE  MAGNETIC  FIELD  IN  DTSAMOH. 

(^La  Lunii>!re  Elfctriqiie,  Tol.  22,  .Vo.  46,  A'of.  S,  1836.  j)p.  268-71.) 

The  moat  important  part  of  a  dynamo  ia  the  magnetic  field.  The  mag- 
netic field  contains  two  etementi,  the  volnme  and  the  inteniity,  which  in 
different  propc'rtions  constitute  its  useful  quaHties,  If  we  have  given  the 
ilimunsinns  oE  the  electro.magnete,  the  carrent  in  them,  and  the  distance  from 
Iha  iron  of  the  eli^ctro-magnet  to  the  iron  of  the  hplix,  the  volume  of  the  field 
can  be  eadily  calculated ;  but  this  is  not  the  case  with  the  intentity. 

The  intensity  of  the  magnetic  Qijld  was  deduced  from  mcaauremenls  of  the 
force  exerted  upon  a  movable  conductor  in  a  direction  at  right  angles  to  the 
lines  of  force,  Oontrary  to  what  has  been  sometimes  stated,  the  intensity  of 
the  field  decreases  mnch  teas  rapidly  that  the  diitance  apart  of  the  pole-piecei 
iucreaees.  In  one  experiment,  when  the  distance  had  been  increased  tenfold, 
the  intensity  of  the  field  had  only  diminished  one-half.  For  a  single  magnet 
with  Its  armature,  when  the  distance  was  quadmpled,  the  intensity  decreated 
from  1  to  O'B. 

In  all  cases,  the  larger  the  cores  of  the  electro -magnets  the  greater  the 
current  which  circulates  round  them,  and  the  thicker  the  armatureB  the  lesi 
the  intcnaiCy  of  the  flcld  is  affected  by  the  distance  between  the  arniature  and 
the  magnet.  It  follows  that,  by  bringing  the  armatures  very  close  to  the  pole- 
pieces  of  the  electro-magnets,  the  intensity  of  the  field  is  only  very  slightly 
augmented,  while  the  space  for  the  wire  on  the  armature  is  very  considerably 
diminished.  The  efficiency  of  the  dynamo  is  a  mnximam  when  the  intermil 
resistance  is  a  minimum.  Let  :r  be  the  distance  of  Ibe  intcr-iron  space  in  a 
dynamo,  a  the  minimum  of  the  space  occupied  by  the  innuUtion  of  the  wire, 
Ac,  and  H  the  intensity  of  the  field  i  then  the  internal  resistance  is  a  minimnii! 
when  the  expression  H'  (j<  —  □)  is  a  maximum. 

VTith  respect  to  the  effect  of  the  dimensions  perpendicular  to  Ihe  lines  of 
force,  the  author  hns  noticed  thai,  ucless  the  pole-pieces  are  very  tluck  in  a 
direction  parallel  to  the  lines  of  force,  the  intensity  of  the  field  is  inveiiely 
proportionul  to  the  total  saifaee  of  pole-piecei  reckoned  at  right  angles  tti  tha 
Jieea  ofAirce, 
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A»OH.— DUPLEX   TELEPHONY. 

{L'E!iKbicitn,  \-ol.  10,  »>.  169,  Sou.  27,  18S6,  pp.  771-73.) 

ryttem  invented  by  Mr.  J.  Barrett,  of  Brooklyn,  is  in  uae  on  tba  linei 
between  Kew  York  and  Pbiladelphia,  and  permitB  of  fouc  inttrainenta  being 
Dwd  on  two  wiies,  witli  the  restriction  that  only  the  two  extreme  posCa  can 
riimmmiicate  together,  or  the  two  intermediale  poets,  hut  not  an  extreme  post 
St  uoe  eaa  witb  an  intermediate  one  at  the  other. 

Tbe  tvo  intermediate  posts,  A  and  B,  are  identical,  and  contain  each  ^ 
batlerj,  a  microphone,  and  llie  pi'imary  of  an  induction  coil ;  the  secondary 
wire  at  each  port  ii  wound  on  two  bobbins  (a,  b).  and  has  in  itg  circuit  a 
receiving  telephone.  Tbe  two  line  wires  are  alio  wound  on  the  same  bobbins 
tlie  secondary  of  the  induction  coil.  A  post  0  is  now  connected  by  means 
one  end  of  its  secondary  wire  to  a  point  on  tbe  double  wire  between  (lie 
ilibius  1  and  b  of  the  post  A,  tbe  other  end  of  the  upcondary  circuit,  which 
tains  the  telephone,  being  to  earth  ;  a  similar  arrangement  (or  a  post  D  is 
made  in  connection  witb  B.  It  now  C  talks  to  D,  i.e.,  one  extreme  post  to  the 
other,  tbe  cnrrent -m  reaching  the  double  wire  diviilen,  and  it  the  bobbins  a  and 
b  are  suitably  arrangeil  the  two  actions  will  be  equal  i  hence  the  intermediate 
poila  A  and  B  will  not  bo  affected.  When  A  and  B,  the  intermediate  posts, 
tftlk  together,  tbe  current  follown  only  the  line  wire,  and  will  not  traverse  the 
indoctioD  coils  on  accotint  of  their  large  coelflciant  of  self-induction. 

^^^^  ANON.— ELECTEICITY  AND    ATMOSPHERIU    PRESBUIIE. 

^^1     {BalMindt  la  SocUU  ItOei-nati-'naU  de$  El.jdrieient,  Vul.  3,  Ao.  81,1).  31d.) 

^^H  A  curious  phenomenon  has  been  observed  by  Mr.  W,  Ecmpel  in  connection 
^^KiUi  the  working  of  n  statical  induction  machine.  It  is  that  the  (]UaDtity  of 
^^^ectricity  produced  increases  considerably  in  an  atmosphere  subjected  to 
preHure.  Tlius  a  machine  which  would  give  13  :<parks  per  minute  when 
revolving  at  a  speed  of  400  turns  a  minute,  under  the  ordinary  atmospheric 
preasure,  could  be  mode  to  give  22  sparks  per  minate  when  the  pressure  was 
doubled.  If  the  pressure  is  still  fartber  increased,  tbe  quantity  of  electricity 
developed  increases  considerably. 


Dc.  BOUDET  D£  FAAIS— A   KEW   METHOD  OF   PBINTING   BY 

ELECTRICITY. 

'  (BuIIrfJn  dn  ta  Soriftt  Inteittalionale  das  ElcelricUnt,  Vol.  3,  Xo.  32,  pp.  371-7S, 
onii  Vol.  4,  So.  34.  pp.  24-8.) 
Tbe  object  to  be  copied — a  medal,  a  seal,  or  any  other  engraved  or  stamped 
t — is  covered  with  a  thin  coating  of  graphite,  and  is  conneclerl  to  one 
ctrode  of  a  statical  machine.  The  object  is  than  placed,  with  the  prepared 
I  downwards,  on  a  piece  of  cardboard,  wood,  iilfc,  or  other  material  on  which 
I  image  ia  to  be  reproduced,  and  underneath  which  is  a  sheet  of  gluu  or 
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other  dielectric  laid  above  a  metal  plat«  or  n  Bheet  of  tinfoil  in  connection 
with  the  Becood  electrode  of  tbe  machine.  On  working  the  machine,  the 
graphite  is  carried  from  tbe  prepnred  object  on  to  the  lower  surface,  and  an 
eiact  reproduction  of  the  de»ij;n  is  formed.  Whatever  may  be  the  method  of 
engraving,  in  relief  or  intaglio,  'he  image  ia  alnaya  formed  by  the  reprodnction 
of  the  hollow  lines,  and  not  by  the  lines  in  relief :  moreover,  it  ia  qnjte 
immaterial  whether  the  positive  or  negative  electi-ode  is  connected  to  the 
object  to  be  copied.  This  la  in  cod  trad  iction  to  the  gt^neruUy  received  opinion, 
that  the  mechanical  traosfereoce  by  tbe  electric  discharge  ia  always  in  tbe 
direction  fnim  the  positive  to  the  negative  electrode.  It  ia  even  poasibte  Ui 
copy  a  chalk  drawing  by  this  proceas;  on  the  top  of  the  metal  plate  in  con- 
nection with  the  one  electrode  is  placed  a  sheet  of  glaiia,  on  thia  a  sheet  of  clean 
paper,  then  the  drawing,  lace  downwards,  nod,  finaliy,  another  metal  plate  in 
connection  with  the  other  electrode.  After  five  or  tix  discharges  enough  chalk 
waa  carried  over  to  raprodace  tbe  drawing,  while  the  original  aeemedas  bright 
HB  ever. 

Several  theories  liave  been  advanced  in  explanation  of  this  method  of 
printing  in  a  condenser,  a?  it  may  be  deaorihed;  probibly  that  of  Mr.  de 
Meritena  is  the  true  one.  He  thinka  that  the  phenomenon  may  be  explained 
by  the  ordinary  laws  of  electrostatics.  During  tbe  charging  of  tbe  condenter 
all  partaoftbe  object  are  natarally  at  the  same  potential,  but  the  electrcstatio 
charge  ia  greatest  at  the  level  of  those  parts  which  are  farthest  from  the 
dielectric.  Consequently,  at  the  instant  ••!  discharging,  the  grapliile  is  pro- 
jected more  violently  on  to  those  points  which  correspond  to  the  hollows 
of  tlie  original  object. 


A,   DE    MERITENS— USB    OP   ELECTBICITr    FOR    RENDEBISO 

mON  RUSTLESS. 

(EuIIirliH  di  la  SociiSi,'  InttmiUionah  d.'s  Etectrtdeni,  nt.  3,  So.  39,  pp.  13D-34 ; 
He.  38,  pp.  413-14.; 
Tbe  object  to  be  attained  is  to  cover  the  aarface  of  the  iron  or  steel  with  a 
very  thin  skin  of  magnetic  oxide  of  iron,  which  then  prevents  all  further 
action  of  the  air.  Thia  is  the  so-called  bronzing  of  gun  barrels.  The  process 
»a  usually  carried  out  is  a  very  tedious  one,  the  object  being  first  altowecl  Tii 
take  on  a  thin  layer  of  rnst,  which  is  then  icratch- brushed  and  bumiebed^ 
the  [irocGsa  being  repeated  several  times  over,  Mr.de  Me  ri  tens  has  found  that 
by  placing  the  objects  to  l>e  operated  upon  in  a  balh  of  water,  making  them 
tho  anodes,  and  passing  a  current  through  the  bnlti,  they  are  covered  in  on 
hour  or  two  with  a  layer  of  the  magnetic  oxide.  By  regulatmg  the  current 
■o  that  the  G.M.F.  is  just  suAlcient  to  decompose  the  water  the  layer  of 
iniignetio  oxide  ia  very  denae,  and  adheres  perfectly  to  thu  steel.  When 
malleable  iron  was  treated  in  the  same  way,  the  ekin  of  magnetic  oxide 
would  not  adherei  by  drat  making  the  iron  the  anode  a  deposit  ot  oxide  of 
iron  i»  formed;    the  connections  are  then  reversed  so   that  tbe  iron  is   the 
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kitbode,  -v/hea  the  hydro^n  eTolved  reduces  the  oxide ;  reTereiug  once  more, 
layer  of  magnetio  oxiile  produced  was  Coaad  U)  be  perfectly  adherent. 
The  &r)l  actioa  of  the  decompoailion  of  the  water  it  the  prodaction,  not 
©(  the  magnetic  oxide  Vefi,,  liut  of  the  protoxide  Fe  O,  whicb  is  very  little 
known,  owing  to  the  avidity  with  wUioIi  it  combines  with  a  fttrtber  quantity 
of  oxygen  to  form  the  sesqmoxide  Fo,0,.  If  the  iron  covered  with  the  layer  ot 
protoxide,  produced  in  the  flrgt  instance  by  the  decompunition  of  the  water,  ia 
at  once  ramoved  from  the  bath  and  plunged  into  a  solution  of  any  metallic 
■alt,  it  ia  covered  with  a  film  of  the  metal,  copper,  silver,  gold,  aluminium, 
iee.,  which  is  perfectly  adJierent.  I(  ia  thus  poaslhle  to  coat  iron  with  a  ikin  of 
almost  any  melal. 

',  aACHABIAS— CENTRAL  ELECTRIC  LtOHT  STATIONS  AT  BEKLIN. 

[C«»«tr(ai?o«/iirBlattro(M;ini*,7(.I.B,.Vo.aG,  1886. Ki. 552-55  i  ondH'o.aT.pp. 674-79.) 

At  the  present  time  tJicrc  are  seven  central  atatioiiR  in  Berlin  at  work, 

though  they  are  not  all  supplying  the  maximum  number  ai  lights  for  which 

thay  are  intended.    In  the  Schadowitraaso  station  are  two  dynamos  working 

500  glow  lamps  und  C  arc  lampe ;  in  the  Fried vichslraase,  four  dyuamoa  supply. 

ing  1,800  glow  lamps  and  6  arc  lamps;  in  the  Markgrafenntraue  are  fifteen 

dynamos  capable  of  supplying  8,000  glow  lamps  and  SO  arc  lamps;  in  the 

Uauerstrassc,  geven  dynamos  for  (j,OOU  glow  lumps  and  36  arc  lamp».    These 

stations  are  worked  by  the  Qemian  EdiiiOD  Company.    The  Berlm  Light- 

ig  Company  has  a  station  with  7  dynamos  supplying  900  glow  Iam])s  and  100 

arc  lamps  in  the  Ausst^lluiigs  Park,  and  auother  with  S  dynamos  for  4,000 

glow  lamps  and  38  arc  lamps  in  the  Beuthstrasse.    Tbi:  seventh  station  belongs 

to  Sleurs.  Siemens  &  Ualske,  in  the  Kaisergallcrie,  iinil  has  3  dynamos  tor 

3,000  glow  lamps  and  40  arc  lamps. 

In  Che  Mauerstrasse  station  are  at  preseot  three  water-tube  boilers  and 

re«  compound  steam  engines,  each  of  150-170  actual  lioi-se-power.    Each 

engine  drives  direct  two  Edison  dynamoB,  made  by  8k>mena  &  naljke,  for 

600  Ugh(«  each,  and  alEo  a  counter  abaft,  frum  which  are  driven  four  ISiemens- 

dynamop,  eitch  for  12  aiv  lights.    Each  dynamo  is  connected  to  the  main  switch 

board  by  three  cables,  two  tor  thu  main  current  and  the  third  for  couuection 

ta  the  resistances  to  be  inserted  into  the  exciting  circuit.    All  the  dynamos 

(end  their  current  into  a  common  lead,  built  up  ot  la  copper  strips,  of  about 

80  lum.  total  area,  whinh  is  connected  to  the  30  distributing  mains.   By  means 

^Bk  auitaUe  commutators  the  difference  of  potential  at  the  terminals  of  each 

^^H^namo,  as  well  as  at  various  points  in  the  circuit,  can  be  measured  on  the 

^Hune  voltmeter.    Each  main  conductor  is  fitted  with  a  double-pole  switch  and 

S  Mfety  tUEe, 
^^       The  station  in  the  KaisergaUerie  has  two  boilers,  three  80  horse-power 
^H^gines,  and  three  Siemens  dynamoH.each  for  500  ampi^res  and  05  volts,    The 
^^■hres  oTu  partly  insulated  in  the  cellars,  and  partly  bare  wires  on  insulators 
^^pDr  the  upper  parts  of  the  building, 

1^^       The  UarkgrafenstraiiBe  station  bos  sis  engines,  each  dtWLfig  Vfio'&d^iU 
V0L.xvr.  11 


^ilaue 
^•kC 


in 
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GOO-tigbt  dynamoB.  Tbe  diilributioti  is  made  on  the  thr«e.wire  system  by 
means  of  Biemeus  t  Halsfce'a  lead-covered  cables,  Tbese  ctiblee  conlaii!, 
besides  the  maio  conductor,  a.  am&ll  insnJated  wire,  by  means  of  which  the 
E.M.F.  at  Tttrions  points  in  the  network  cuti  be  determined  directly  from  the 
maahine-room.  There  are  the  nsual  iwitches  and  m«HSimDg  inBtraments  for 
controlling  the  working. 


Pr.  OTTO   PEXTERLEIN— EEHARD'8   OIBODLATING   BATTEBT. 

(Ctntralblaitflir  EUklroUehitii,  Voi.  B,  Wn.  30,  188S,  pp.  613.BI.) 

A  number  of  rectangular  plates  of  zinc  are  covered  on  one  side  with  lead- 
foil  and  on  the  other  with  a  cloth,  which  arts  as  a  diaphragm.  The 
battery  is  built  up  of  these  componud  plates  alternately,  with  three-sided 
frames  of  papier-machii,  the  same  size  as  the  plates,  the  open  side  being  at  the 
lop,  so  that  a  simce  is  left  between  each  two  plates  to  contain  the  solution. 
The  two  ends  are  cloacd  by  boards ;  the  whole  being  held  together  by  bolts 
passing  right  through.  Abore  tbe  battery  is  placeA  a  glass  Tesael  containing 
crystals  of  copper  Bulphate  and  some  water.  This  vessij  can  be  closed  at  the 
top,  and  is  provided  with  a  t.ubulure  below,  into  which  are  fitted  two  tnhes, 
one  above  the  other,  each  of  which  leads  to  a  distributing  pipe  with  ipoals 
opening  into  each  cell.  The  liattery  being  filled  with  water,  the  cocks  on  the 
two  tul)es  are  opened,  the  heavy  solution  of  copper  sulphate  flows  out  of  the 
vessel  by  one  tube  into  the  cells,  and  tbe  water  rises  through  the  other  tube 
and  dissolves  a  treih  quantity  of  I  he  sulyhale.  The  lead  plates  are  at  onca 
covered  with  a  layer  of  metallic  copper  and  the  battery  then  works  like  anjr 
ordinary  Panlell's  eel).  As  the  zinc  is  disiolvcd  the  specific  gravity  of  the 
ascending  liquid  becomes  gradually  heavier,  and,  finally,  the  circulation  ceaies 
and  the  battery  has  to  be  re-charged. 

The  largest  size  of  battery  consistd  of  17cellH,and  has  a  useful  surface  of 
450'5  ai,  cm-  One  of  these  was  submitted  to  ten  diicbargea  of  from  3  to  8 
arapJres,  and  a  total  output  of  305  amptre  hours-  The  K.M.F,  was  on  the 
average  about  15  or  IC  volts;  the  internal  reiialaooe  for  tbe  greater  part  of 
each  discharge  was  leas  than  1  ohm,  but  rose  at  the  end  of  each  discharge  to 
about  IE  ohm.  In  the  total  of  70  hours'  work  8-8  kilos  of  zinc  were  dissolved, 
and  40  kilos  of  copper  sulphate  used  up;  these  quantities  are  in  excess  of 
those  required  theoretically,  vLr.,  G-3  kilos  of  zinc  and  21  kilos  of  copper 
tulphate.  The  experiments  on  the  two  smaller  sizes  showed  analogous  results, 
bnt  not  to  satisfactory  ai  those  obtained  with  the  larger  sise. 


Dr.  J,  KLEMENCIC— THE  BATIO   OF  THE  ELECTBOSTATIO  AND 
ELECTBO-MAGNETIC   BTBTEMB   OF  UNITS. 

{CtntraOlalt/liT  MUkirottthnii,  Tut. 8,  18S6,  Jife.  30,  ):v. 661-68;  ondNa.  81, 
pp.  089-98.) 

The  capacity  of  an  air  condenser  is  flrst  determined  accurately  in  electro- 
ttatie  anitsj  itg  cMpmcity   in   electro -magneUc  uni^  u  tluu  measured  by 
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charging  it  to  a  known  potential,  allowing  it  to  diicbargB  for  a  known  time 
thcDiigli  a  high  reiiBtance,  and  then  determining  the  potential  of  the  reiidual 


p 


If  7  and  Q  are  the  quantities  of  electricity  corresponding  to  the  potential! 
ftnd  before  the  diicbarge,  then 

Taking  into  account  the  Belf-inductiua  S  ot  the  discharging  wire,  and  develop. 


,.Q.-A(i.^^). 


In  the  experimenti,  the  ooiidanBer  was  charged  and  diichargad  by  means 
a  tnning-Eork  carrying  platinum  points  dipping  inlu  mercnry  cups.  The 
discharge  to  earth  took  place  through  a  column  of  zinc  Bulpliate  solution 
having  i  resistance  of  I  meonlmi,  a  resintancu  1mx,  which  oonld  be  varified 
itbin  wide  limits,  and  a  slinnted  galvanometer. 

If  D  is  the  deflection  tor  full  discharge,  and  U  for  partial  discharge,  then 
may  write  the  above  equation 


Bmoa 


log.|°('^g^.)[o.H. 


V* 


t  ■  log.  0 
Q,  ii  the  capacity  in  electrostatic,  and  Bn  the  reslrtance  in  electro- 
magnetic oniti.    The  correction  fetor   .5^-  amounted  to  only  &0087.    Par- 
ticular attention  was  paid  tci  the  mercury  contacts,  on  the  action   of  which 
_|jard  Ilayleigli  has  thrown  some  douht ;  but  they  were  found  lo  work  perfectly 
^lien  due  care  was  taken  to  keep  them  in  proper  order. 

Fall  details  of  the  several  parts  of  the  apparatus  are  given,  as  well  as 
particnlar*  of  each  of  the  several  measurements  to  be  made ;  but  it  ii  only 
possible  to  note  ttie  final  result  obtained  aa  a  mean  of  the  valnes  given  liy 
BOmerouB  experiments,  vi7.,  u  ~  3016  i  10'". 


I 


A.  PABE9— dtdrophone,  or  microphonic  apparatus  FOfl 

TESTING  LEAES  IN  WATER  PIPES. 
iCettinlbUtt  far  EliktmetKnili,  Vol.9.  1886,Fo.  34,ii!.77B-780 
Thesonndingtod,  the  lower  end  of  which  is  in  contact  with  the  water- 
pe,  is  supported  vertically  in  a  portable  tripod  stand.  The  microphone 
■crews  on  to  the  top  of  the  xounding  rod,  and  is  provided  with  two  seta  of 
terminals  j  to  one  pair  are  attached  the  wires  connecting  the  telephone,  and  to 
the  other  pair  the  wires  from  the  battery.  In  one  of  these  wires  is  introduced 
s  pear  push,  mch  as  is  used  tor  electric  beJIs.    The  inspector,  ttoWmg  \tift 


IH 
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telephone  in  one  hand  and  the  ptuh  in  the  other,  can  then  pat  on  the  current 
when  neccsearv.  and  asuertaiu  if  the  telepbaue  gives  any  sDand.  Tbe  micro- 
phone has  olio  ii  ring  at  the  lop  by  means  ot  which  U  can  he  lowered  down 
into  the  pipes  or  other  receptaclua  to  be  tested.  Tlie  whole  apparatus  packs 
away  jnlo  a  box,  and  is  quite  portable. 


Dr.  V.  WIBTLIBBACH-LONG.DlSTANCi:  TELEPHONY. 
(ZdtKhtift  fiir  ElaklraUAnik,   Fol,  i,  PI.  10,  Oct.,  1886,  pp.  163-0.) 

All  technical  diftlcalties  in  tbe  erection  of  long  telephone  lines  are  now 
removed,  and  the  whole  qaestiou  ii  one  of  uconomy.  The  resultii  obtained 
by  Van  ItyeaelberghB,  in  America,  have  shown  that  conrereations  over  long 
lengths  of  wire  are  quite  feasible  (see  Jvarnai,  vol.  Jtv.,  pp.  391  and  376). 

The  esaential  point  in  long-distance  telephony  is  the  conductor ;  the 
apparatus  at  either  end  it  of  leconilary  Importance.  Lord  Bayleigb  Las 
applied  Mom-eH's  theory  to  Hughe»'a  practical  results  on  induction,  and  he 
Bliows  that  for  cylindric.il  wires  the  clianj^  in  resistance  for  a  variable  current 
is  proportional  to  the  Equara  of  the  number  of  altt:rnatLDiis  and  tu  the  fourth 
power  of  the  diameter  of  the  wire.  It  is  also  proportional  lo  tlie  constant  of 
magnetieatioD,  which  is  1  for  copper  and  about  300  for  iron.  For  copper  ivires 
of  the  sizes  used  in  practice  the  variation  from  Ohm's  law  is  not  great,  but  for 
iron  wires  it  is  coosiderable ;  thus,  with  an  iron  wire  1  mm.  in  diameter,  the 
reaislance  ia  increased  about  \  for  1,000  vibrations;  with  a  mm.  wire,  fur  Ihe 
same  number  of  vibrations,  the  resistance  is  doubled;  tvith  a  4  mm.  wire  the 
resistantio  is  doubled  for  SOO  Tibratlons,  and  becomes  from  S  to  10  times  greater 
for  1,000  Tibraiions, 

The  depenilunce  of  the  resistance  of  the  line  on  the  number  ot  vibrations 
ot  a  current  in  tbe  variable  phase  it  particularly  prejudicial  for  long.dislancc 
telephony,  because  the  various  notes  -A  Lhe  humm  voice  each  correspond  to  a 
diCferant  number  of  vibi-atioos,  and  hence  the  resistance  of  the  line  is  lea*  for 
the  deap  tones  with  a  less  number  of  vibrationa  than  for  the  high  notes  with  a 
greater  number.  For  instance,  on  a  i  mm.  iron  wire  the  resistance  will  lie 
increased  GO  l^er  cent,  for  the  note  G  oE  200  vibrtit.ions,  whilst  for  its  octave, 
0'  of  400  vihrations,  the  resistance  will  be  increased  100  to  160  per  cent.  The 
deep  notes,  therefore,  come  out  rplativaly  too  loud,  and  the  timbre  of  tbe  voioo 
is  altered.  This  has  been  proved  experimentally,  both  by  the  author  and  by 
Greece.  It  is  quite  clear,  therefore,  that  tor  long  distances,  say  beyond  200 
kilomfitres,  no  arrangement  of  transmitting  and  receiving  apparatus  will 
overcome  the  difhculties  of  commonication  due  to  the  increased  resistance  of 
iron  wires  for  carrenti  in  the  Tariablo  phase,  but  the  line  must  be  buQt  of 
copper  wire. 

It  is  also  necessary  to  avoid  diaturbanceB  from  outside,  either  arising  from 
earth  cnrrents  or  from  currents  in  neighbouring  wires;  for  this  purpose  tbe 
circuit  should  be  metallic  throughout,  or,  in  other  words,  the  line  must  ba 
looped ;  and  the  insulation  should  be  as  perfect  as  possible,  as  any  leakages 
iatrodaco  duturbancus.    Where  several  wires  are  nm  on  tbe  tame  posts,  they 
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•hoidd  be  arranged  alternatAl;  on  the  arnu,  bo  ai  to  cross  each  other,  and  not 
be  parallel  for  aaj  distance. 

In  order  to  avoid  the  espenee  oi  mnning  a  second  wire  to  each  sabsoriber, 
it  haa  been  proposed  to  use  tmnslators,  or  induction  coils,  oonsisting  of  on  iron 
core  on  which  are  wound  two  coils  of  wire,  one  coil  being  connected  to  the 
main  looped  line  and  the  other  to  the  local  wire.  This  arrangement  has  not 
giTen  good  results  in  practice,  chiefly  owing  to  the  magnetic  inertia  of  the  iron 
oocw  in  the  coils,  and  it  ia  preferable  to  adopt  an  arraogement  denied  by 
Blisa,  in  which  the  retnm  wire  is  common  to  BeTeral  subscribers.  NormaUr 
only  the  single  wire  ia  eouDBCted  np  for  calling  the  subscriber,  bnt  when  ha 
wants  to  talk  the  return  wire  is  switched  on  to  the  particular  iuatrnment 
inose. 

Bxpenenco  shows  that  the  incicased  cost  of  looped  lines  is  made  up  tor 
by  the  increased  facilities  of  conunanicationi  besides,  owing  to  the  increased 
facilitj  of  working,  more  mesaages  can  be  sent  over  the  wire  in  a  given  timci 
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The  One  Hundred  and  Sixty-fourth  Ordinary  General  Meeting 
of  the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday,  March 
10th,  1887— Sir  Chables  T.  Bright,  M.Inst.  C.E.,  President, 
in  the  Chair, 

The  minntcB  of  the  previous  meeting  were  read  and  approved. 

The  names  of  new  candidates  were  announced  and  ordered  to 
be  suspended. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from  Mr.  J.  Aylmer,  Local 
Honorary  Secretary  for  France,  and  Sir  David  Salomons,  Member. 
The  Sechetary  also  announced  that  a  series  of  portrait  engravings 
of  eminent  electricians  had  been  received  from  Mr.  C.  H.  W.  Biggs, 
Member. 

A  hearty  vote  of  thanks  was  accorded  to  the  donors  for  their 
presentations. 
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ON    BEVERSIBLE    LKAD   BATTERIES   AND    THEIR   USE 
FOR   ELECTRIC   LIGHTING. 

By  Desmond  G.  Firz-GERALn,  Member.  ^ 

When  the  cheap  production  of  electrical  power  by  means  of 
the  dynamo  machine  was  first  realised  as  a  fait  accompli,  there 
were  many  who  naturally,  but  sonipwhat  rashly,  assumed  that 
cheap  electrical  power  would  immediately  become  generally 
available  for  electric  lighting  in  jirivate  dwellings  and  for  many 
other  applications  on  a  small  scale.  These  anticipations,  we  all 
know,  were  doomed  to  disappointment — most  of  us  have  found  it 
impracticable  to  introduce  electrical  power  into  the  household; 
and  the  privilege  of  making  use  of  the  moat  beautiful,  cleanly, 
and  hygienic  means  of  nrtifieial  lighting  has  hitherto  been  denied 
to  UB.  It  may  be  interesting  at  the  present  moment — when  the 
lead  storage  battery  is  claiming  renewed  attention — to  glance 
briefly  at  the  grounds  for  the  sanguine  anticijiations  which  were 
formed  soon  after  Werdermann  brought  the  machine  of  Gramme 
into  this  country,  to  recall  some  of  the  main  causes  of  their  non- 
realisation,  to  examine  critically  the  accepted  views  as  to  the 
chemical  and  electro-chemical  reactions  involved  in  the  working 
of  reversible  lend  batteries,  to  estimate  the  probable  extent  to 
which  such  batteries  may  be  improved,  or  the  room  there  may 
he  for  improvement,  and,  lastly,  to  consider,  at  least  in  its 
pHmS,  facie  aspect,  the  question  as  to  the  practicability  of 
carrying  the  original  anticipations  into  effect  by  means  of  an 
improved  form  of  reversible  lead  liatt.ery. 

It  is  admitted  by  high  engineering  authority  that,  with 
steam  engines  of  improved  constniotion  and  of  not  less  than 
300  h.p.  nominal,  it  is  quite  practicable  to  obtain  a  h.p.-hour 
mechanical  by  the  combustion  of  two  pounds  avoirdupois  of 
good  coal.  Allowing  20s.  i»er  ton  for  such  coal,  the  cost  of  the 
fuel  to  develop  this  quantity  of  energy  would  be  considerably 
under  on 0  farthing  ("aHd.).  Putting  the  commercial  efficiency 
of  the  dynamo  machiue  at  the  very  low  figure  of  70  per  cent.,  the 


87.] 


AND  THEIR  tJ8E  FOE  ELECTBIC  LtUHTlNO. 


109 


St  of  the  h.p.-honr  electrical  would  be  less  than  one-third  of  a 

innjr  ("SOSd.).     Taking  everj-thiug  into  account.  Sir  W.  Siemens 

1882  could  not  estimate  the  cost  of  production,  iii  London,  at  a 

igher  figure  than  nine-tenths  of  a  penny  (■89od.).     There  are 

incandescence  lamps  that  will  yield  a    candle-power  for   every 

2i  watts  expended  ;  and,  taking  the  h.p,  electrical  as  736  watts, 

would   thus  be  equivalent  to  the  illuminating  power  of  294 

sndard  candles.     The  price,  in  London,  of  the  gas  to  produce 

lis  illumination  for  one  hour  maybe  estimated  at  about  2Jd.; 

nnd  in  London  gas  is  cheaper  than  in  most  other  localities.     It 

^K|ra6    natural    that    figures    analogouK    to    these    should    arouse 

^^pnnguine  ant iciimt ions  in  the  electrical  engineer — 


*5 


And  duller  Bhoiild  wu  t<?  than  the  fat  weed 
That  rota  itself  in  ease  on  Lethc'a  wharf 
Were  we  not  stirred  by  this. 


But  when,  in  this  country  and  elsewhere,  the  reqnirementB 

T  domestic  electric  lighting  came  to  be  practically  considered,  it 

W713  foimd  on  the  one  hand  thai — in  fi|jite  of  the  capabilities  of 

be  individual  celebrated  aniongsl.  our  I'nriciian  confrtres  as  le 

jariUnler  dg  M.  Preece — no  private  individual  would,  as  a  nile, 

illingly  incur  the  prime  outlay,  trouble,  and  comparative  expense 

r  a  small  steam  or  gas  engine  and  a  dj-namo  machine ;  and,  on 

e  other  hand,  that  the  cost  and  difficulty  uF  laying  do^vn  leads 

o  sui)ply  even  a  populous  district  with  electrical  power  from  a 

fcentral  slation  was  a  very  serious  consideration.     After  1882,  when 

Iretric  lighting  \va9  made  a  st-alking-horse  by  the  worst  sort  of 

'company-promoter,  it  was  clearly  seen  that  this  mode  of  supply, 

involving  an  investment  of  capital  even  larger  than  that  which 

gradually  been  made  in  gas,  would  be  out  of  the  question  for 

any  ye»rs  to  come.     I  Lave  no  doubt  that  it  will  ultimately  be 

Opted  to  a  large  extent — but  this  will  not  be,  I  thiidi,  in  the 

ifetime  of  those  of  us  who  have  passed  the  middle-age  ;  nor  do  I 

iliiiik  that  the  distribution  of  electrical  power  from  central  station 

rill  at  any  period  altogether  supersede  the  method  of  iliatribution, 

by  means  of  elements  in  which  electrical  I'uergy  has  been  stored. 

to  which  I  shall  presently  advert. 

The    electro-chemical    means  at    present    avai\a\)\6  W  V>i« 
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storage  of  electrical  energy  cannot,  either  from  a  scientific  or 
practical  ^Kiint   of  view,  be  regarded  as   perfect ;  and  it  seemB' 
certain  that,  thej  will  be  conaiderahlj  improved  in  future  yea 
The  trite  saying  that  the  Btorage  battery  is  still  in  its  infancy  : 
perhaps  not  inapplicable ;  but  it  would  be  a  mistake  to  ignore  tt 
fact   that   important    improvements    have    been    made   in   this" 
apparatus  since  (seven  years  ago)  the  cell  of  Gaston  Plants  was 
first  modified  by  Camille  Faure.     Under  the  headings  of  "  Storage 
Capacity "   and  "  Weight   per  Horse-power-hour,"  I  have  jotted 
down  from  my  note-book,  in  tabular  form,  some  figures,  subject 
correction  and  amplification,  which  in  some  measure  illustrate  tl 
improvement,  although  there  are  other  points  of  equal  importanc 
which   require   to    be    taken   into   account-      The   "lithanode' 
mentioned  in  these  tables  was  the  subject  of  a  paper  which  I  rea 
at  the  British  Association  Meeting  at  Birmingham,  and  whit 
will  be  found  in  The  Electrioian  of  September  10,  last.  year.     It 
peroxide  of  lead  (with  more  or  less  sulphate  of  the  metal)  in  a' 
coherent  and  bighly-conductive  form,  having  generally  a  siiecific 
gravity  between  7*5  and  7"9.     I  shall  have  occasion  again  to  refer 
to  this  material  presently. 

TaUe  I. 
Storage  Capacity  of  various  Secondary  Cells. 


Stmt  or  OoU. 

P«r  lb.  o(  Pb. 

Pn  kilo,  at  Fb. 

AnlhorilJ. 

Foot  Iba. 

WMt 

boars. 

Kllagnoi- 
mbtna. 

Walt 

bQnn. 

/ 

Plmntd      ...    _,     .. 

FaoTB       

Bja  L  plntBB      ... 
„       H     „ 

„       B  numinal  \ 

32  lb,  cell  ...  i" 
ElweU-Farker  (old  i 

lonn) ) 

Litlianode  battaryi 

(oldtonnj...  ) 
LitbEiliode  biitteryi 

"Union ■■cell  / 

12,000 
13,000 
i8,000(P) 
SCOSO 

81,800 
6,633 

39,738 
47,170 

4-53 

C-78 
IB-09(?) 
13-6 

12 
2-6 

IS 
17-8 

3,6IS4 

C,4D5 
H,GOO  (?) 
U.OIO 

9,S40 

a,oiB 

12,110 

1*,671 

10 
IG 

30-8  (P) 
30 

£G 

G-C 
33 
39- IG 

Howard.           I 
(?)  Hn^italierl 

PiU-aamlil. 
Prospectus. 
Pilz-Gerald. 
O.  Forbw. 
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Table  II. 

Weight  per  Hoese-power-hour  Capacity  ov  variocs 
Secondary  Batteries. 


I 


BlsmanU  oBly. 

Cell  oDinplil*. 

1          Name  of  BaXlerj. 

Anbhoil^. 

Lba. 

Kll», 

Lha. 

KUoL 

PIsnto 

3K 

180 

Beynier. 

Fanre  

88 
106 

40 

75 

Faure. 

Sir  W.  TbommD. 

„      (old  model)     .. 
„      (new  model)   ... 

t9S 
13+ 

no 
III 

-  Beynier. 

EJJB.  I>  pUtes  ... 

133 
110 

GO'4 
EO 

Proipectiu. 
Beckeniau . 

■      8     11    

06 

30 

135 

Gl-3 

Fitz-Oeralo. 

_                           Zinc  POBTC 

1                    tPlant^foriD 

60'G 
lOG 

23 
47'6 

117-e 

S3 '4 

R.  Tamioe. 

Litbanode   battery  i 
(old  form)     ...    f 

42 

19-1 

TG 

34-5 

Fitz-Geiuld. 

Xiitbanode   battery  i 
'■Dwoa"ceU      ) 

42 

13 

70 

31 -Q 

G.  Forbes. 

In  Table  I.  I  have  taken  the  liberty  of  placing  a  note  of 
intetTogatioa  after  the  values,  relating  to  the  storage  capacity  of 
the  plates  formerly  manufactured  by  the  Electrical  Power 
itorage  Company,  taken  &om  the  paper  read  by  my  friend  and 
old  pupil,  Mr.  F.  G.  Howard,  in  June,  1885,  at  a  meeting  of 
students  at  the  Institute  of  Civil  Engineers.  No  doubt  Mr. 
Howard  referred  to  the  total  storage  capacity,  instead  of  the 
efal  capacity,  of  these  plates ;  but  even  in  this  case  the  value 
iven  would  seem  to  be  much  too  high.  Certainly  the  platea 
iw  Lssued  by  the  Electrical  Power  Storage  Company  are  at  least 
ual  to  those  manufactured  by  them  two  years  ago ;  and  at  the 
laent  moment  the  useful  storage  capacity  claimed  by  them 
per  lb.  of  battery  is,  I  believe,  3  ampfire-hours  on  a  rough 
average.  In  the  smaller  cells  this  value  may  be  surpassed — in 
the  larger  it  is  scarcely  attained.  The  present  "  thin-plate " 
Electrical  Power  Storage  cells  have  a  capacity  of  2'8  ampfire- 
houFB  per  lb,  of  battery.      In  practice,  as  for   instance  at  ^\ia 
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Colonial  and  Indian  Exhibition,  this  value,  we  know,  is  not 
always  even  approached.  Now,  taking  the  high  value  of  3 
amijcre-houra  per  lb.  of  battery,  the  h.p.-hour  cell  would  weigh 
129  Ih.  But,  according  to  the  values  I  have  called  into 
question,  41  lb.  of  lead  in  the  battery  would  suffice  to  produce 
the  h.p.-hour;  and  this  lead  would  constitute  only  one-third  of 
the  total  weight  of  the  battery— a  ratio  which  is  far  too  small, 
and  requires  to  be  increased  to  at  least  one-half, 

A  high  ratio  of  stored  energy  to  weight  is  not  always  the  most 
important  consideration  in  a  reversible  lead  battery  ;  and  the  few 
data  I  have  collected  in  tabular  form  would  have  been  of  greater 
interest  if  I  had  specified  in  each  case  the  rate  of  discharge,  since 
it  is  well  known  that  the  useful  capacity  becomes  diminished  aa 
this  value  Ih  increased.  I  will  to  some  extent  remedy  the 
omission  by  stating,  in  regard  to  the  lithanode  battery,  that  when 
the  rate  of  discharge  is  about  "446  ampere  per  Ih.  of  platee,  or 
■257  ampere  per  lb.  of  battery,  the  useful  caimcity  may  be  as 
high  as  9'32  ampdre-hours  per  lb,  of  plates,  or  5-3  amp6re-hours 
per  lb.  of  battery.  But  when  the  rate  of  discharge  reaches  -64 
ampere  per  lb.  of  plates,  or  '36  ampiire  per  lb.  of  battery,  then  the 
useful  capacity  falls  to  8"6  ampSre-hours  per  lb.  of  plates,  or  4'8 
ampdre-houTs  per  lb.  of  battery.  These  results  have  already  been 
far  surpassed  in  the  laboratory ;  but  they  are  probably  the  maxima 
hitherto  obtained  on  a  practical  scale.  I  have  just  been  informed, 
however,  that  the  figures  I  have  given  are  not  considered  ap- 
plicable to  the  "Union"  cell,  and  that  the  results  obtained 
in  recent  experiments  are  espressed  by  tlie  following  table: — 


Dnioh  Gsll. 

Bate  of  DisclinTge. 

Capacity. 

Amperes  per  lb.  uf 

Amp^re-Houn  per  lb. 

■ 

PUte. 

Cell. 

Plate. 

Cell. 

■ 

-68 

■41 

9'2 

56 

■ 

■88 

'5S 

7-1 

43 

■ 

IJ 

■78 

6-a 

8-7 

r  / 

IS 

■9 

&■& 

3-3 

1 

1 

J 
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Whatever  may  be  «iid  of  the  lead  storage  battery  itself,  it  is 

iiite  certain,  I  thiuk,  that  our  electro-chemical  knowledge  in 

relation  to  it  is  "  in  its  infancy."     We  should  be  thankful  even 

[or  small  mercies  in  this  direttion,  for  very  few  eleL-triciana  or 

ectro-cbemista  have  given  any   real  attention   to  the   matter, 

'hich  is  one  of  vital  importanco  to  progress.     Bat  we  should  be 

■cialiy   grateful   to  Dr.  J.  H.  Gladstone  and  to  the  late  Sir 

fred  Tribe,  who  gave  a  great  deal  of  careful  labour  to  "The 

liemistry  of  the  Secondary  Batteries  of  Pliintf!  and  Faure."  *     I 

am  glad  to  say  this  before  criticising,  to  the  beat  of  my  ability, 

some  of  their  conclusions  from  which  I  venture  to  differ — or  to 

gine  that  I  differ. 

In  the  first  place  there  is  a  little  imitter — ijerhaps  a  lapsus — 

of  no  great  importance  possibly  in  itself,  but  which  seems  to  me 

of  importance  by  reason  of  the  detestation  in  which  I  bold  any- 

^^hing  in  the  form  of  "  white  sulphate  " — non-conducting  sulphate 

^K-in  the  negative  element  of  a  lead  storage  cell.     In  their  little 

^^■ork,  under  the  above-mentioned  title,   Messrs   tiladstone  and 

^^Vibe  propound  the  following  question  and  answer :  *'  In  a  Plants 

or  Faure  battery,  the  raaj^s  of  peroside  which  is  in  contact  with 

the  (negative)  metallic  lead  plate  expends  its  energy  slowly.   How 

comes  it  to  pass  that  if  the  same  mass  of  peroxide  bo  brought  into 

connection,  through  the  first  lead  plate,  ivith  another  lead  plate 

at  a  distance  (in   the   same   electrolyte)  it   expends   its  energy, 

^■piFough  the  greater  length  of  sulphuric  acid,  in  a  tenth  or  a 
^Tionilredth  part  of  the  time?  The  ani<wer  ....  is  doubtless  to 
found  in  the  formation  of  the  insoluble  sulphate  of  lead,  which 
igs  uptheintersticesof  the  peroxide,  and,  after  a  while,  forms  an 
lOst  impermeable  coating  of  bii,'h  resistance  between  it  and  the 
fit.  metallic  plate."  The  following  diagram,  I  take  it,  represents 
an  exaggerated  and  conventional  manner  the  conditions  here 
icated ;  Pb  and  Pb,  being  the  two  lead  plates,  p  the  layer  of 
peroxide,  and  s  the  almost  impermeable  coating  of  sulphate  of 
lead.  «  is  the  point  where  the  peroxide  p  is  in  contact  with  the 
lead  plate  Pb.  Now  it  appears  to  me  that  this  suggested 
ex|>lanat ion  involves  a  misconception  as  to  the  conditions  which 
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are  Eavoarable  to  the  passage  of  the  local  current,  of  which  the 
direction,  as  Bhown  by  the  small  arrows,  ia  from  the  metallic 
support  to  the  peroxide  through  the  electro- 
lyte, and  from  the  peroxide  to  the  metallic 
support  by  simple  conductive  contact.  Not 
that  the  resistance  (electjolytic)  between 
the  supporting  plate  and  its  peroxide  ia 
covimon  both  to  the  local  circoit  and  to 
the  mMu  circuit ;  for  there  must  he  a 
simjile  conductive  contact,  as  at  a  in  the 
diagram,  between  the  plate  and  the  peroxide 
at  one  or  more  points  (otherwise  the 
detached  layer  of  peroxide  would  become 
inactive,  and  there  would  be  no  current 
in  either  circuit),  and  the  main  current 
would  pass  wholly  through  this  contact 
—  as,  indeed,  would  the  local  current  in  its  passage  from 
the  peroxide  to  the  support.  But  it  is  evident  that  the  local 
current,  under  the  given  electro-motive  force,  will  be  inversely  as 
the  sum  of  the  resistances  in  its  circuit,  and  that  one  of  these 
resistances — that  at  a,  which  opjxiaea  its  passage  from  the  peroxide 
to  the  support — must  be  small  (since  otherwise  the  main  current 
wonld  be  impeded).  The  remaining  resistance  in  the  local 
circuit — that  which  opposes  the  passage  of  the  local  current  from 
the  lead  support  to  the  peroxide  tlirough  Uie  eledrotyte — must 
evidently  be  very  considerable  in  order  to  comply  with  the 
conditions  under  which  the  current  in  the  main  circuit  may  be 
ten  or  a  hundred  times  greater  than  that  in  the  local  circuit.  Now, 
in  my  view,  the  electrolytic  resistance  in  the  local  circuit  would  be 
diminished,  instead  of  augmented,  by  interposing  even  an  almost 
impermeable  (but  more  or  less  moist)  coating  of  sulphate  of  lead 
between  the  peroxide  and  its  support,  excepting  at  one  or  more 
points  where  the  peroxide  and  the  lead  would  be  in  perfect  contact. 
To  maintain  perfect  unbroken  contact  everywhere  between  the  layer 
of  peroxide  and  the  lead  supixirting-plate  would,  I  think,  be  the 
best  means  of  diminishing  local  action,  by  augmenting  the 
declrolytic  resistance  in  the  local  circuit.    And  this,  in  substance. 
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aa  the  burden  of  the  paper  read  by  Meaars.  Drake  and  Gorham 
at  the  British  AsBOciation  last  year.*  The  clogging  up  of  the 
interetices  in  the  peroidde  naight,  I  am  ready  to  admit,  be 
bene&cial,  provided  this  unbroken  contact  were  maintained.     It 

ly  be  obsen'ed,  however,  that  the  snggested  explanation 
appears  to.  be  further  disproved  by  the  figures  given  by  the 
authors  of  the  work  referred  to  (p.  6).  During  the  first  two 
hours,  when  the  quantity  of  sulphate  formed  is  a  minimum,  the 
qimotity  of  peroxide  reduced  by  local  action  is  only  3-6  per  cent. 

r  hour.     In  the  next  hour,  when  the  quantity  of  sulphate  must 

ve  augmented,  the  iiercentage  of  peroxide  reduced  is  shown  to 
be  nearly  8  ;  and  in  the  following  hour  it  rises  to  about  10.     It  is 

e  that  this  percentage  afterwards  diminishes,  but  this  may 
irell  be  due  to  a  diminution  of  the  E.M.F.  acting  in  the  local 
uit. 

Passing  to  a  matter  of  more  general  importance,  the  equation 
given  by  the  writers  I  have  named  as  ajiplicable  to  the  batteries 
of  Plante  and  of  Faure  —  and  ])resumably  also  to  all  lead 
secondary  batteries  with  the  same  electrolyte — is  substantially  as 
follows : — 

^PbO,  +  2H,S0.  +  Pb  =  FbO  +  II«SO.  +  FbSO.  +  H,0. 
The   compounds   bracketted   together   react,   however,  upon 
h  other,  so  that  the  final  result  may  be  expressed  by 
Pb  0,  +  2  H,  SO.  +  Pb  =  2  Pb  SO.  +  2  H,  0; 
the  final  result  being  sulphate  of  lead  on  both  plates. 

This  equation  is  very  simple,  and  has  been  generally  accepted 
"fta  entirely  satisfactory.  As  an  expression  merely  of  the  chemical 
results  observed,  after  a  certain  percentage  of  the  peroxide  has 
become  reduced,  it  is  perhaps  unassailable.  As  an  electro- 
chemical equation,  applicable  during  the  whole  period  of  the 
discharge  of  a  lead  secondary  battery  with  the  given  electrolyte, 
it  is  impossible,  I  think,  to  accept,  it.  It  is  not  the  old  fallacy — 
recently  protested  against  by  Mr.  Swinburne,  and  which  is  to  be 
found  in  this  equation — of  supposing  that  water,  and  not  an  acid 
ar  a  salt,  is  the  electrolyte  in  the  voltaic  battery,  that  I  have  now 
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to  dwell  DpoD.  I  will  endeavour  to  lay  before  you  the  other 
difficulties  I  have  found  in  the  way  of  its  acceptance. 

But  in  the  first  [jlace  it  will  be  expedient  to  consider  whether 
there  has  been  any  intention  of  pntting  forward  or  accepting  the 
above  formula  as  an  electro-chemical  equation  expressing  the 
reactions  on  which  the  efficiency  of  the  battery  is  dependent. 
Has  there  actually  been  any  assumption  that  the  whole  of  the 
peroxide  ie,  or  may  be,  converted  into  sulphate  of  lead?  that  a 
large  proportion  of  isolated  sulphate  of  lead  "white  sulphate" — 
is  necessarily  produced  in  discharging  the  battery?  that  the 
reduction  of  the  peroxide  takes  place,  not  in  two  or  more  stages, 
but  continuously  ?  aud  that  the  electro-motive  force  of  the  battery 
ia  independent  of  the  quantity  of  sulphate  which  has  been  pro- 
duced from  the  peroxide?  Because,  if  not,  1  might  be  setting 
up  imaginary  antagonists  and  incuning  unnecessaiy  trouble  in 
endeavouring  to  overcome  them. 

The  authors  of  the  work  already  referred  to  make  use  of  the 
expression  given  above :  "  The  final  result  being  sulphate  of  lead 
in  both  plates."  Dr.  Gladstone,  moreover,  has  explained  that 
"  When  we  staled  that  sulphate  of  lead  is  finally  the  only  product 
of  the  discharge,  we  were  referring  to  the  disappearance  of  any 
peroxide,  aud  did  not  mean  to  imply  that  in  actual  practice  the 
whole  of  the  spongy  lead  is  usually  converted  into  Bulphatu," 
Mr.  Tribe,  in  The  Electrician  of  July  10,  188J,  wrote  that  "  One 
of  the  conclusions  was  that  both  the  peroxide  of  the  negative 
plate  and  the  finely-divided  lead  of  the  positive  were  converted 
into  lead  sulphate  during  discharge."  Mr.  George  V.  Barker,  in 
his  paper  read  at  the  Montreal  meeting  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  says:  "My  experiments 
with  the  Faure  battery  confirm  entirely  those  of  Gladstone  and 
Tribe  as  to  the  formation  of  lead  sulphate."  "  On  examining  the 
plates,  lead  sulphate  formed  the  entire  coating  upon  both  of 
them."'  Sir.  C.  T.  Kingzett  states  that  "  As  fast  as  the  monoxide 
of  lead,  produced  by  reduction  at  the  negative  pole  during 
discharge,  forms,  it  is  converted  into  sulphate.  Ujwn  complete 
discharge  then  there  remain  two  supports  of  lead  coated  with 
sulphate  of  lead."     And  Professor  Oliver  Lodge  says:  "The  use 
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of  peroxide  alone  (without  any  support  of  lead)  looks  hopeful ; 
bnt,  when  the  cell  is  disiharged  and  the  peroxide  reduced,  the 
plate  will  no  longer  he  a  conductor — and  it  does  not  appear 
probable  that  auch  a  cell  could  ever  be  charged  up  again."  This 
conolnsioii,  I  may  here  state,  is  emphatically  disproved  by  the 
*'  lithoaode  "  battery  plates  now  before  you,  most  of  which  have 
been  charged  and  diHcliarged--down  to  the  potential  of  1"8  volt 
—a  great  number  of  times,  without  losing  their  conductivity  or 
exhibiliug  the  smallest  patch  of  "  white  sulphate,' 

Mr.  G.  F.  Barker  further  observes  that,  "  Obviously,  so  long  as 
any  peroxide  is  preisenf,  the  elect ro-tnotive  force  is  constant." 
The  same  experimenter  also  makes  the  following  very  suggestive 
note,  showing  that  one  at  least  of  his  cells  had  been,  apparently 
accidentally,  worked  ujwn  an  improved  system.  He  says :  "  In 
one  of  my  Plantfi  cells,  the  peroxide  is  beautifully  crystalline  and 
rery  hard.  Not  a  trace  of  (free)  sulphate  has  Iweu  formed  in  it, 
ipparently,  though  it  has  been  in  use  for  six  months,  and  has  been 
frequently  charged  and  discharged  during  that  time." 

On  the  other  hand,  ilessrs,  Gladstone  and  Tribe  state  (loc. 
ci'f.  p.  32),  in  relation  to  the  negative  plate :  "  At  the  conclusion 
of  the  action,  we  have  always  found  more  or  less  of  the  substance 
unaltered.  Thus,  as  one  instance,  after  a  discharge  lasting  live 
days,  and  approximately  complete,  we  found  that  only  68  per  cent. 
of  the  deposit  was  lead  sulphate."  And  Mr.  J.  .Swinburne  (in 
The  Electrician  of  July  10, 1885)  makes  an  important  observation 
In  the  same  direction,  lie  (^ays  :  "  The  appearance  of  the  coating 
of  an  ordinary  discharged  peroxide  plate  does  not  prove  the 
altsence  of  sulphate,  for  only  a  very  small  prf^rtion  can  be 
ralphate.  Some  years  ago,  when  I  made  a  large  number  of 
experiments  on  batteries,  I  found  that  in  no  case  more  than  six  or 
ven  per  cent,  of  the  coating   is   used,  even  when  the  cell  is 

pletely  run  down.  The  exjiansion  of  the  peroxide  of  lead  in 
becoming  sulphate  perhaps  blocks  the  coating  up." 

Let  me  at  once  obser\-e  that  if  Mr.  Barker  were  rjglit  in 
stating  that  the  E.M.K.  is  constant  so  long  as  any  peroxide  is 
present  I  should  have  less  difficulty  in  accepting  the  above- 
meulioned  formula  as  the  electro-chemical  ec^uation  a^YiVmHe 
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to  lead  secondary  batteries.  But,  like  Mr.  Sniubame,  I  have 
found  that  long  before  the  whole  of  the  jieroside  is  exhausted 
the  E.ALF.  has  fallen  practically  to  zero.  If  the  formula  be  true, 
as  the  electro-chemical  equation  of  the  battery,  why  should  there 
be  any  fall  in  the  electro-motive  force  before  the  peroxide  is 
exhausted?  la  it  because  the  peroxide  becomes  "blocked  up" 
or  clogged,  or  so  diluted  by  the  inert  material,  that  the  support 
becomes  rapidly  "  polarised  "  by  hydrogen  ?  If  bo,  the  formula 
may  be  true.  But  on  open  circuit,  when  there  can  be  no 
polarisation,  and  with  a  strip  of  solid  peroxide  without  support, 
we  should,  if  the  formula  be  true,  obtain  the  full  KM.F. 
corresponding  to  the  nature  of  the  chemical  reaction  indicated 
by  it.  We  should  expect  this  so  long  as  any  peroxide  remained — 
certainly  when  only  25  per  cent,  of  the  quantity  originally 
present  had  been  consumed. 

For  a  true  "  battery  equation  "  ia  of  course  independent  of  the 
resistance  of  the  circuit,  and  indicates  a  definite  E.M.F.  Con- 
versely, if  the  E.M.F.  alters — temperature  and  certain  other 
conditions  remaining  the  same — we  know  that  the  given  battery 
equation  no  longer  applies,  that  the  original  chemical  reaction 
baa  given  place  to  or  has  become  complicated  by  another  chemical 
reaction. 

I  take  two  strips  of  platinum,  to  be  used  as  negative  element^s 
with  a  positive  of  spongy  Iciid  in  an  electrolyte  of  ddute  sulphuric 
acid.  One  platinum  atrip  (A)  I  coat  with  a  paste  of  electrolytic 
peroxide  of  lead  ;  the  second  strip  (B)  I  coat  with  a  paste  comjMsed 
of  one  i^rt  of  electrolytic  peroxide  of  lead  and  one  and  one-tbird 
part  of  sulphate  of  lead  (equivalent  weights,  roughly),  mixed 
together  and  with  water.  The  couples  are  circuited,  consecutively, 
through  60,000  ohms  and  a  reflecting  galvanometer  of  high 
resistance.  The  A  cou[iIe,  as  soon  as  the  negative  becomes 
moistened  by  the  electrolyte,  gives  a  steady  deflection  of  130 
divisions,  corresponding  to  an  E.M.F.  of  about  two  volts.  I  short- 
circuit  this  couple  for  30  seconds,  or  for  ten  times  this  period — of 
collide  the  deflection  falls  to  zero;  but,  when  the  short-circuit  is 
broken,  the  spot  of  light  moves  back  to  130  within  a  few  seconds. 
The  B  couple  gives  128  divisions,  falling  steadily,  within  a  few 
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_miDate9,  to  72  divisions,  corresponding  to  rather  more  than  one 
|lt  (this  through  a  resistance  of   over  60,000  ohms).     I  ahort- 

"orcuit  this  couple  for  one  second:  on  hreiiking  the  sliort-eircuit 
the  deflection  is  20  divisions,  becoming  in  five  minutes  67  divisions. 
A  strip  of  plain  platinum  gave  a  deflection  of  56  divisions,  lollingf 
in  five  minutes  to  42.  It  must  be  admitted  that  the  result 
obtained  with  B  was  somewhat  better  than  this;  nevertheless,  the 
effect  of  the  sulphate  in  reducing  the  efficacy  of  the  peroxide  is 
sufficiently  striking. 

Still  more  so  is  its  eflfect  in  the  case  of  solid  peroxide 
(lithanode)  not  in  contact  with  any  other  simple  conductor 
within  the  electrolyte.  But  in  order  to  judge  of  the  effect  in  this 
ease,  we  must  be  able  to  analyse  the  litbanode  chemically  at  the 
ontset,  and  also  when  the  E.M.F.  between  it  and  spongy  lead  has 
fallen  to  any  given  extent. 

A  convenient  and,  with  due  care,  an  accurate  method  of 
determining  the  percentage  of  lead  peroxide  in  "lithanode,"  or 
any  other  active  material  containing  this  oxidant,  is  to  add 
eantioualy  the  finely-jwwdered  material  to  the  solution  of  a 
known  weight  of  crystallised  protosulphate  of  iron,  acidulated 
with  flomewhat  more  than  half  an  equivalent  of  hydrochloric 
add,  until  the  solution  no  longer  gives  a  blue  coloration  with 
bdrop  of  potassic  ferricyanide  solution.  It  is  advisable  to  tritu- 
late  the  powder  in  a  mortar  containing  the  acidulated  ferrooB 
Mlntion  at  a  temperature  over  100"  Fah.  Of  course  it  is- 
generally  possible,  especially  after  a  rough  preliminary  trial,  to 
tdd  at  once  sufficient  of  the  powder  to  nearly  convert  the  whole 
of  the  ferrous  salt  into  ferric  salt  j  afterwards,  the  powder  is  added 
in  minute  portions  until  the  blue  coloration  is  no  longer  pro- 
duced. If  too  much  of  the  powder  be  added,  free  chlorine  and  a 
distinct  brick-ted  coloration  are  observable.  In  regard  to  the 
numerical  data,  7'8  grams  of  the  ferrous  salt  (Fe  SO4  7  11,0)  are 
equivalent  to  I  gram  of  chlorine  or  to  3'36  grams  of  Pb  0,. 

1  took  a  fragment  of  one  of  ray  old  lithanode  plates 
(marked  Xj,  of  which  the  capacity  was  about  16  ampSre-houra 
(at  a  potential  not  lower  than  1-8  volt),  and  found  by  the  above 
method  that  it  contained  70*7  per  cent,  of  Pb  Oj.     I  then  made 
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use  of  anoUier  similar  fragment  of  the  plate  as  a  Deg-.itive 
element,  until  the  diflerence  of  potentials  between  it  and  spongy 
leail  fell  to  rs  volt.  Tkis  fragmpnt  having  been  washed,  and 
slowly  dried  at  a  low  temperature,  was  reduced  to  powder  and 
found  to  contain  55  per  cent,  of  the  PbO,  originally  present. 
Only  22'2  per  cent,  of  this  quantity  of  jieroxide  had  become 
reduced,  77-8  per  cent,  was  apparently  unaffected ;  and  yet  the 
reaction  uiion  which  the  E.M.F.  is  dependent  had  become  in  some 
way  modified,  since  t.he  electrometric  indication  on  open 
circuit  had  undergone  a  permanent  diminution  to  the  extent  of 
about  10  per  cent. 

The  weight  of  peroxide  present  in  one  pound  avoirdupois  of 

the  original  plate  was  ■  .r  —  =11-3  oz.  In  becoming  ex- 
hausted to  the  extent  of  no  longer  giving  with  spongy  lead  an 
E.M.F.  above  1-8  volt,  one  lb.  of  the  pltite  will  lose  2-5  nz.  of 
peroxide.  To  what  number  of  ampSre-hours  does  this  weight  of 
peroxide  correspond  ? 

The  ampere-hour  equivalent  for  silver,  according  to  Lord 
Rayleigh's  latest  determination,  is  62137  grains  ;  this  equivalent 
for  peroxide  of  lead  would  therefore  be 

239  (i.e.,  mol.  wt.  of  Pb  0.) 


G2-137  X 


=  68'75  grains. 


216  (i.e.,  twice  at.  wt.  of  Ag.j 
Now   the   number  of    grnins   in    2*5   oz,   avoirdujiois   being 
2*5  X  437'5  =  1094,  the  number  of  ampere-hours  corresiiondiug 
to  2-5  02.  of  Pb  Oj,  or  to  1  lb.  of  the  "  X  "  Uthanode  will  be 

1094 


68-75 


=  15-9. 


It  may  be  admitted,  therefore,  that  when,  as  in  the  case  of 
litlianode,  local  action  in  the  negative  element  is  entirely 
eliminated,  the  yield  of  the  battery  in  ampfire-hours  is  strictly 
proportionate — as  might  have  been  nnticipated  by  theory- — to 
the  quantity  of  peroxide  reduced  in  each  cell. 

This  experimental  result  is  interesting  from  other  points  of 
view  than  that  of  the  electro-chemical  equation  of  the  lead 
storage  battery.  From  the  present  standpoint  of  practice, 
16   amjT^re-bourB    of   useful   capacity    per    pound  of   negative 
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element  is  a  splendid  restilt.  With  litlianodo  of  more  recent 
manufacture  it.  has  been  suriiassed ;  but  it  bas  never,  I  think,  been 
approached  with  any  other  form  of  negative  element.  And  yet, 
firom  the  tiieoretical  standpoint,  what  a  jioor  result:  two-and- 
a-half  ounces  of  peroxide  utilised  in  one  pound  of  negative  plate 
containing  eleven-and-a-third  ounces  of  the  peroxide !  It  is  not 
likely  that  we  fihall  stop  here:  there  is  ample  room  for  further 
improvement. 

It  might  perhaps  be  expected  that  I  should  suggest  a  battery 
formula  in  Bubatitution  for  that  to  which  I  have  objectecL  I  am 
sorry  that  I  am  unable  to  do  so,  nor  even  with  any  degree  of 
confidence  to  attempt  an  explanation  of  the  fact  that  so  large  a 
rcentage  of  the  peroxide  present  in  a  negative  element  should 
remain  useless  and  inert  for  all  practical  purposes.  I  have 
thought  it  possible  that  the  residual  peroxide  of  lead  might  be  in 
a  state  of  eomhination,  that  a  comparatively  inert  sescjuioxide  of 
lead  might  be  formed  according  to  the  equation 
2  Pb  O.  +  a  H,  SO^  +  Pb  =  Pbj  0.  +  Pb  SO4  +  H^  SO,  +  H,  0. 

But  although  this  view,  on  the  assumption  that  the  sesqui- 
oxide  formed  may  resist  or  be  protected  from  the  action  of  the 
Kulphuric  Bcid  present  in  the  electrolyte,  may  explain  the 
Teeovery  of  apparently  exhausted  plates  when  they  are  left  in 
contact,  with  the  acid,  I  have  not  been  able  to  bring  it  into 
general  accordance  with  the  results  of  experiment  and  with  thoao 
obtained  by  chemical  analysis.  It  should  be  mentioned,  how- 
ever, that,  although  it  is  in  opposition  to  the  experimental  results 
obtained  by  Gladstone  and  Tribe,  this  view  is  in  some  measure 
at  least  confirmed  by  those  obtained  by  Shenck  and  Farbaky. 
These  investigators  found  that,  in  charging  a  lead  secondary  cell, 
2*23  grams  (34-426  grains)  of  H,  SO,  become  liberated  per 
ampere-hour  current;  and  that,  in  the  discharge  of  the  cell, 
'25  grams  (34*736  grains)  of  the  acid  enter  into  combination, 
^ow  the  ampt!i'e-boui-  equivalent  of  sulphuric  aeiil  is  1-826 
grams  (28-192  grains);  and  wo  may  assume  that  at  least  this 
quantity  enters  into  combination  with  the  wjiongy  lead  positive 

the   production  of  the  ampere-hour   current.      There  would 
remain,  therefore,  only  34-73G  -  28-192  =  O-oJJ   grains  of  Hj 
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SO,,  or  "23  of  the  equivalent,  to  combine  with  monoxide  of  lead 
reduced  from  the  peroxide  in  the  negative  element.  The  ampere- 
hour  equivalert  weight  of  oxygen  would  be  derived  from  this 
element,  an  ampere-hour  equivalent  of  lead  monoxide  would  be 
produced ;  but  only  -23  of  the  latter  equi\-alent  would  become 
converted  into  sulphate,  leaving  "77  of  the  equii-alent  in 
admixture  or  in  combination  with  residual  peroxide  of  lead. 

Having  had  some  experience  of  the  beha\iour  of  Bulphate  of 
lead  when  used  as  a  depolariser,  I  have  thought  it  possible  also 
that  this  salt  might  undergo  an  initial  effect  of  reduction ;  but 
this  view,  again,  has  not  been  confirmed  by  any  experiments  I 
have  been  able  to  make.  What  is  required  is  discussion  on 
these  matters ;  this  will  probably  provoke  other  suggestions 
which  may  lead  to  the  extension  of  oar  knowledge. 

I  fear  I  have  already  trespassed  too  far  upon  your  attention ; 
but  I  have  yet  to  submit  to  your  consideration,  as  briefly  as  may 
be,  a  scheme  for  the  supply  to  private  householders,  who  may  be 
deairoiiB  of  adopting  the  electric  light  on  a  small  scale,  of  the 
electrical  energy  necessary  to  realise  their  wish.  This  would  be 
supplied  from  central  Btations  (but  without  any  outlay  for 
insulated  conductors  beyond  the  "wiring"  of  the  actual  domiciles 
to  the  extent  rendered  necessary  by  the  number  and  position  of 
the  lamps  required)  in  the  form  of  charged  plates — the  positives 
being  conveyed  in  a  closed  receptacle  and  in  a  damp  condition, 
and  the  negatives  in  a  dry  state.  Sulphuric  acid  also  would 
be  required ;  the  quantity  per  h.p.-hour  electrical  being,  accord- 
ing to  the  accepted  theory,  3-12  lb.  of  H,  SO,.  I  think, 
however,  that  it  will  be  found  that  considerably  less  than  this 
quantity — say  2  lb.  of  the  strongest  commercial  acid — will 
suffice.  This  acid  would  be  supphed  by  the  carboy  ;  and  a 
measured  quantity  would  be  added  to  each  cell  when  the 
exhausted  elements  are  replaced  by  fresh  ones. 

For  each  h.p.-hour  electrical  supplied — corresponding,  we  will 
say,  to  three  20-candte  lamps  maintained  incandescent  for  6ve 
hours — we  shoidd  have,  in  the  stage  which  the  practical  boIu- 
tion  of  the  problem  has  at  present  reached,  to  transport  about 
40  lb.   of    battery  plates.      It   may   be    safely   said   that    the 
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ital  weight  to  be  transported  will  be  under  45  lb.  The 
maximuni  dietance  to  which  this  weight  would  require 
carriage  would  probably  be  under  half  a  mile — for  it  would  be 

I  more  economical  to  multiply  stations  than  to  augment  this 
distance.  On  the  return  journey,  the  exhausted  plates  and 
their  receptacles,  practically  the  eame  in  weight,  would  have 
to  be  conveyed. 
One  ton  weight  of  plates  distributed  would  correspond  to 
»t  least  56  h.p.-hours  electrical.  The  question  ia,  Wliat  would 
be  the  cost,  under  eonditions  of  practice  which  admit  of  consider- 
able latitude,  of  distributing  this  weight,  of  material  ?  Upon  the 
answer  to  this  quejstiou  dejiends  the  extent  to  which  tbia  system 

Bof  distributing  electrical  energy  could  be  commercially  developed. 
A  small  percentage  of  the  general  public,  if  safeguarded  from  all 
trouble,  would  be  willing  to  pay  even  as  much  aa  Is.  per  h.p.- 
hour  electrical.     A  very   large  percentage   indeed,   I   am   con- 
vinced, would  pay  4d.  for  the  same  quantity  of  available  electrical 
energy.      Anywhere    between   these   two   limits  a   considerable 
amount  of  business  might  probably  be  done.     Nothing  but  an 
actual  trial  of  the  system,  on  a  small  scale  perha^js,  but  extending 
iver  a  considerable  period  of  time — so  as  to  give  some  scope  to 
the  capacity  for  organisation,  which  has  accomjilished  such  marvels 
in  oar  postal  department — will  give  a  conclusive  answer  to  the 
above  question.     It  is  easy  to  suggest  figures  which  would  show 
the  system  to  be  absurdly  impracticable ;  but,  as  I  have  elsewhere 
ibsened,  it  would  be  easy  also  on  the  same  lines  to  show  that  the 
lan,  who,  anywhere  in  his  district,  will  send  horse  and  cart, 
,n  and  can,  to  deposit  even  a  ha'p'orth  of  milk  at  the  area  door, 
must  be  financially  in  desperate  case.     But  there  may  be  some, 
here  or  elsewhere,  who  have  had  experience  of  work  analogous  to 
that  which  I  have  in  coutemplatiou  ;  and  their  opinion,  as  well  as 
e  suggestions  they  might  possibly  offer,  would  be  entitled  to 
respect,  and  might  be  of  considerable  value. 

In  reading  over  what  I  have  written  I  find  I  have  said  nothing 

the   subject  of  the   spongy   lead   positive    element    of   the 

lithanode  battery.     The  reason  is  that  the  main  difficulties  to  bo 

overcome— the   real   points    of   importance— have  been  \n  V\i.ft 
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negative  element  of  the  conple— often  erroneously  tenned  the 
positive  element  or  plate,  because  it  happens  to  be  the  positive 
electrode  in  charging  the  battery.  To  manufacture  an  etficient 
positive,  from  the  litlianode  unconverted  material  or  otherwise, 
waa  comparatively  an  easy  matter;  and  there  is  a  choice  of 
several  positives  which  leave  little  or  nothing  to  be  desired. 
I  have  now  only  to  say  that  there  are  a  number  of  batteries  at 
work  under  the  table  before  you :  there  are  14  cells,  each  weighing 
about.  20  lbs.;  each  cell  has  a  charging  capacity  of  }  h.p.-hour, 
so  that  three  and  a  half  of  them  etjual  one  electrical  h.p.-hour. 
The  two  o-hiiiip  electroliers  esliibited  were  supplied  by  a  firm 
bearing  a  name  much  honoured  by  electricians — Messrs,  Faraday. 

I  have  to  thank  you  for  the  kind  attention  with  which  you 
have  received  my  paper. 

The  pREaiDEXT:  I  should  mention  that  the  discussion  upon 
this  paper  will  be  adjourned  at  the  close  of  this  meeting,  to  be 
resumed  at  an  Extraordinary  Meeting  proposed  to  be  held  on 
March  ITth;  so  that  I  shall  be  glad  to  receive  the  names  of  those 
who  would  like  to  speak  on  that  occasion.  Dr.  Gladstone's  work 
has  been  referred  to  in  the  paper,  and  as  that  gentleman  is 
present  I  ask  him  to  favour  us  with  any  remarks  in  reply. 

Dr.  J.  H.  Glaiistoke:  I  have  Ustened  with  great  attention 
and  interest,  as  you  may  imagine,  to  this  able  and  _valuable 
paper.  I  think,  however,  that  I  shall  best  consult  your  feelings 
by  not  entering  much  into  the  general  questions  which  are 
contained  in  it,  but  rather  by  speaking  upou  those  jioinls  ia 
which  the  opinion  of  the  writer  either  agrees  or  disagret-s  with 
my  own. 

I  should  hke,  first  of  all,  to  thank  Mr.  Fitzgerald  heartily  for 
the  kind  way  in  which  he  has  referred  to  the  work  of  Mr.  Tribe 
and  myself,  and  for  the  readiness  with  which  he  has  adopted  our 
main  conclusions,  althougii  at  the  same  time  he  has  criticised 
some  of  them. 

I  will  take  Ms  criticisms  in  order.  Ke  first  dwells  upon  the 
matter  of  local  action — a  matter,  no  doubt,  of  great  interest  to  him, 
because  in  this  lillianorli'  battery  the  object  has  been  to  get  rid 
of  that  as  far  as  jjossiblc.     At  the  very  commencement  he  thinks 
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lat  we  have  made  a  lapaua,  and  he-  has  been  led  to  do  bo  on  ^j^obb, 

acooant  of  the  detestation  in  which  he  holds  anything  in  the 

of  '*  white  suljihnte."     Now,  of  course,  one  fan  aymimthise 

th  such  a  feehng;  but  at  the  s:iine  time  I  must  assure  Mr. 
Fitz-(jerald  that  hart  it  not  been  fur  the  foi-mal  ion  of  that  •'  white 
Bu]i»bate  ■'  he  neviT  would  have  seen  a  Plante  or  a  Faure  battery 
at  work,  anil  therefore  that,  while  it  is  no  doutrt.  sometimes  an 
enemy  in  our  batteries,  it  is  a  thing  which  is  absolutely  necessary, 
and  which  we  must  welcome  also  as  a  friend,  Mr.  Kit.z-Gerald  baa 
quoted  the  inquiry  and  answer  made  in  oar  book  in  regard  to 
loeal  action,  and  when  I  first  read  the  quotation  (for  our  Secretary 
kind  enough  to  send  me  a  eo]>y  of  the  iMi]ier_)  it  appeared 
gular  that  the  author  of  the  pajier  should  not  exactly  com- 
jirehend  our  argument  in  regard  to  local  action;  but  when  he 
transferred  the  image  in  his  mind  to  a  picture  upon  the  black- 
,  1  at  once  saw  the  way  in  which  he  had  been  unable  t<* 

iderstand  us.     There  is  not  a  flat  plate  of  ]ieroxide  of  lead 
reBling  ujwn  the  lead  plate,  but  a  (lowder,  more  or  less  crystalline," 
mixed  np  with  dilute  sulphuric  acid,  and  touching  the  lead  plate, 
in  one  place  only,  but  in  myriads  of  places,  as  shown  in  the 
owing  sketch.      Of  course  each  piece  conducts 
the  current,  as  does  also  the  surrounding  sulphuric 
Bcid,     Now  suppose  that,  in  the  ex{M.-rimeuts  which 
Mr.  Tribe  conducted  in  my  lahomtor}',  a  zinc  plate 
had  been   taken,   with   spongy  copper  on  it,   and 
placed  in  dilute  sulphuric  acid,  we  should  have  hail 
»uch  a  commotion  that  it  would  havi?  been  like  an 
eir>losion,  and  the  whole   matter   would   have   been    over  in  a 
few  minutes.      How  is  it.  that  that   does  not   take  place  when 
we  have  a  jilate  of  lead  with  peroxide  of  lead  upon  it  which 

The  powdered  miniuin,  ns  viewed  unJer  tliu  microscope,  consisti  of 
■gulw  aniorpboua  Irugmeiils;  when  treated  with  aulptmric  acid  Uia 
p«n>iiJe  produced  is  in  very  ilna  pirticiea;  it,  however,  it  ia  produced 
elcclrolytiCHlly,  littli.>  dark  crystals  of  peroxide  are  faand  mixed  with  initmta 
ciTstAl*  of  colourli-Bs  tranapiirent  sulphate.  Sometimes  the  sulphat<3  fonui  & 
c*jn»iderable  mam  of  wliile  aiilt  studdtd  over  with  tlie  deep  coloured  cryatala 
the  peroxide ;  and  in  some  instances  tlie^e  crysUta  are  large  enougli  to  be 
igniKd  aa  mich  by  the  naked  eye.— J.  H.  G, 
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is  waked  with  dilute  sulphnric  acid  ?  We  attribute  that  to 
the  formation,  at  once,  of  a  little  film  of  sulphate  of  leivd 
upon  the  metallic  plate,  which  does  not  entirely  stop,  but 
impedes,  the  local  action,  as  it  is  a  very  bad  conductor; 
and  that  seems  to  be  sufficient  to  account  for  the  pheno- 
menon. Mr,  Fitz-Gerald  says :  "  In  my  view,  the  electro- 
lytic resistance  in  the  local  circuit  would  be  diminished, 
instead  of  augmented,  by  interjjosing  even  an  almost  im- 
permeable (but  more  or  less  moist)  coating  of  sulphate  of  lead 
between  the  peroxide  and  its  support,  excepting  at  one  or  more 
points  where  the  peroxide  and  the  lead  would  be  in  perfect 
contact."  Surely  there  would  be  no  local  action  whatever  if 
this  sulphate  of  lead  covered  completely  and  absolutely  the 
lead  plate,  so  that  the  sulphuric  acid  could  not  get  at,  it.  It 
should  be  borne  in  mind  that  we  did  not  suggest  this  exyilanation 
of  the  local  action  as  a  complete  explanation  of  the  phenomena, 
though,  at  any  rate,  I  think  it  is  one  explanation  of  the  reduced 
action. 

It  has  been  stated  that  a  table  is  given  in  our  book  (page  6) 
which  "  appears  to  further  disprove  the  figures  given  by  the 
authors  of  the  work  referred  to."  It  should  be  remembered  that 
this  is  not  an  experiment  with  eight  stages,  but  eight  different 
exi>eriments.  Now  such  experiments  are  very  difficult  to 
perform :  no  two  preparations,  made  with  any  amount  of  care, 
would  b<.-  exactly  alike ;  and  this  irregularity  is  evident  in  the 
results.  I  have  noticed  also  in  some  other  electrolytic 
decompositions  that  a  reaction  takes  a  little  time  in  order  to  get 
into  full  swing. 

A  formula  has  been  given  in  Mr.  Fitz-Gerald's  paper  repre- 
senting our  views  of  the  decomposition,  and  he  approves 
generally  of  that  formula.  It  has  not  been  given  quite  in  the 
form  in  which  we  printed  it,  but  still  it  represents  our  view.  We 
gave  it  as  an  electrolytic  rather  than  a  chemical  formula:  we 
represented  the  course  of  the  reaction,  while  the  chemical 
formula  represents  only  the  results  of  the  reaction.  I  have 
nothing  to  find  fault  with  in  that,  because  it  does  express  our 
new.     What  I  do  object  to  is  Jlr.  Swinburne's  stricture  upon  our 
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^work.  He  wonders  that  chemists,  when  they  take  up  tlieae  Df- 
^^feectrical  qoeEtioiis,  seem  to  lose  their  chemical  knowledge ;  and 
he  speaks  as  though  we  had  aupposed  that  a  salt  was  a  compoaiid 
of  an  oxide  with  an  acid.  Well,  I  looked  up  our  book,  and  tind 
that  that  view  is  estremely  carefully  avoided.  If  we  had  been 
mere  chemists,  I  do  not  think  we  should  have  fallen  into  that 
error,  because  it  is  antiquated  cUemiatry ;  but  as,  I  hope,  we  are 
more  than  mere  chemists,  I  do  not  think  there  was  any  chance  of 
our  falling  into  it. 

Many  remarks  of  value  have  been  made  in  regard  to  the 
Incomplete  reaction  which  takes  place  in  the  Faure  and  Plante 
cells,  showing  that  we  never  get  the  full  conversion  into 
Bolphate  of  lead.  The  fact  is  that  the  mixture  of  this 
solphate  of  lead  does  interfere  to  such  a  large  extent  with  (he 
ready  reduction  of  the  oxide,  and  separates  it  so  often  from  the 
lead  support,  that  we  never  get  the  reaction  complete,  even  witb 
experiments  extended  over  many  days.  With  regard  to  the 
suggested  formula  containing  Pb,  0„  it  is  quite  conceivable  that 
some  compound  of  that  kind  is  formed ;  but,  if  I  am  not  mistaken, 
Mr.  Tribe  looked  very  carefully  indeed  for  any  of  these  lower 
oxides— sub-oxide,  sesqui-oxide,  &o.— but  was  unable  to  find  any 
indications  of  their  existence.  Where  there  is  any  divergence  of 
opinion  between  the  lecturer  and  ourselves,  I  can  only  say  that  I 
feel  very  much  ohliged  for  the  way  in  which  he  has  gone  into  this 
matter.  We  must  not  believe  that  any  of  our  work  is  final.  If 
we  have  arrived  at  a  chemical  formula  of  the  reaction,  we  know 
that  there  are  modifications  which  can  easily  happen.  Then,  also, 
^lere  are  great  difficulties  not  yet  solved — difficulties  connected 
with  the  conducting  power  of  these  mixtures,  and  other  things — 
which  are  very  important  when  one  comes  to  prepare  these 
batteries  for  actual  use.  Doubtless  the  work  of  such  gentlemen 
as  Mr.  Fit^-Gerald,  who  combine  great  practical  knowledge  of  the 
subject  along  with  a  knowledge  of  chemistry,  may  enable  us  to 
get  a  true  theory  of  these  reversible  lead  batteries,  and  result  in 
eomething  which  I  hope  we  may  all  employ  in  our  homes. 

Mr.  W.  H.  Preeoe;  It  is  quite  evident  that  Mr.  Fitz-trerald, in  Ki-Pj 
this  paper,  has  raised  a  question  that  will  be  discussed  '\)io\wi.\iV^ 
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LFranw.  more  from  iU  chemical  side  than  from  its  electrical  or  practical 

I  aide ;  but  it  is  becnuse  there  is  also  a  physical  side,  that  deserves 

I  a  little  conaidenition,  that  I  am  tempted  to  occupy  a  few  minutes 

I  in  mentioning  to  you  some  results  of  my  exj^rience.     I  am  a 

I  little  surprised  to  find  that,  not  only  Mr.  Fitz-Gerald,  but  nearly 

I  every  cue  who  experiments  wiih  and  uses  secondary  cells,  neglects 

I  to  avail  himself  of  that  useful  little  apparatus,  tlm  hydrometer. 

I  Now  I  have  been  using  secnndary  cells  practically  for  the  past 

I  three  years,  and  I  have  watched  with  the  very  grealeat  care  their 

I  performance   by   means  of  hydrometers.      The  variation  in  the 

I  density  of  the  solution  of  a  cell  ia  indicative  of  the  chemical 

I  actions  that  go  on  there ;  and  those  who  are  interested  in  the 

I  qaesliou,  and  who  are  competent  to  make  the  calculations,  can  be 

I  supplied,  if  they  like,  with  records  that  I  have  kept  with  a  great 

I  deal  of  care  for  the  past  few  years.     My  practice  ia  this  :  In  every 

I  oell  there  ia  placed  a  very  carefully   adjusted  hydrometer,  and 

I  readings  of  those  hydrometers  are  taken  every  hour  while  the  cells 

I  are  being  charged  and  every  morning  after  the  cells  have  been 

I  discharged.    In  the  formula  that  Mr.  Fitz-Gerald  has  given  ua — 

I  Pb  O,  +  2  H,  SO,  +  Pb  =  Pb  0  +  H.  SO,  +  Pb  SO.  +  H,  0— it 

1  is  assumed  that  the  cell  has  bepn  charged;  and  when  the  cell  is 

I  charged  it  ia  at  its  grcatpst  density — it  has  dissolved  in  it  the 

[  greatest  quantity  of  sulphuric  acid.     When  the  cell  is  discharged 

I  it  passes  through  a  proce&s  by  which  this  sulphuric  acid,  that  gives 

I  it  density,  is  traiiaferred  into  sulphate  of  lead,  abstracting  from 

I  the  solution  that   which   gives   it  weight,   and   leaving  behind 

I  viitnally  a  smaller  proportion  of  acid  aud  water.     Now  the  practice 

I  is  to  fill  charged  cells  with  a  fiolution  that  has  a  density  of  1,1^0, 

I  and  after  a  little  trial  these  cells  acquire  a  density,  when  charged, 

I  which   may   be  taken   to   be    1,210.      Sujjposiug  our   cells   are 

I  charged,  and   have   density  of   1,210,  then  in  my  cells,  which 

I  are  15  I<  K.P.S.  cells,  there  ia  a  steady  fall  of  one  division,  or  one 

I  degree,  for  everj'  9  ampere-boiirs  taken  out ;  and  it  is  possible  and 

I  easy  to  indicate  with  absolute  accuracy,  to  one  ampfire-hour,  the 

I  quantity  of  charge  that  has  been  taken  out  of  a  cell   and  the 

m  quantity  of  charge  that,  remains  in.      Usually   the   cells  which 
^^     were  at    1,210   run  down  to  about    1,190  before  they  are  re- 
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larged;  and  it  is  found  that  in  charging,  for  every  12  ampere- Mr.  Pimoi 

urs  put  in,  an  incremeut  of  one  degree  of  density  is  observed 

on   the  index.      The  result  is  that  this  careful  observation  of 

density  shows  exactly   what  has  been   going   on,  and  it  shows 

unmistakably  that  the  formula  given  by  Mr.  Fitz-Gerald  is  a  true 

id  accurate  record  of  what  takes  place.    But  I  want  to  point  out 

.hat  it  is  perfectly  possible,  by  carefully  calculating  the  variatioua 

in  density  and  comparing  them  with  t!ie  amount  of  sulphate  that 

ought  to  be  formed,  that  a  test  or  check  can  be  made  on  the 

^^kccuracy  of  the   chemical    formula.      Mr.   Kitz-Gerald   haa   an 

^Bibhorrence  of  "  wliite  sulphate."     I  think  that  it'  he  had  as  much 

^^Bzi>erieoce  as  I  have  had  with  the  actual  pradical  use  of  storage 

^^■ells  of  all  kinds,  he  would  find  that  this  "  white  sulphate  "  was 

aaeceasity.      It  is  quite  impossible  to  find  these  cells  without 

scnne  indication  of  the  presence  of  this  sulphate.     Sometimes,  of 

course,  it  is  in  excess,  and  we  then  have  that  awkward  operation 

■ing  on  called  "  sulphating ; "  and  on  this  point  I  should  like  to 

mention  that  the  plan  of  using  carbonate  of  soda,  mentioned  by 

^^3Ir.  Barber  Starkey  in  a  communication  to  the  Ktedrical  Review 

^Ht  fthort  time  ago,  has  been  tried  by  me  with  very  great  success. 

^H[  went  down  to  Mr.  Barber  Starkey's  place  near  Bridgenorth  to 

^^See  wliat  he  had  really  done,  and  I  found  there  that  a  set  of  cells 

^^tbat  he  had  used  badly  had  been  very  seriously  sulptiated,  and  by 

^^■upplying  a  quantity  of  carbonate   of  soda  he   had   succeeded 

^^pn    filling  the    cell    with    a    solution    of  sulphate    of    soda,  and 

^^By  that  means  dissolved  the  abominable  white  sulphate  of  lead. 

^^P   have   repeated   the   experiment,      I   have   had    several   cella 

charged   with   various    proportions    of    snljjhate   of    soda,    and 

of  sulphuric   acid,   and    I  find   that   there    really    is  a   certain 

proportion   of  soda  wldch,  if  properly   applied   to   a  cell,  will 

entirely  remove  all  the  outward  and  visible  appearance   of  the 

white   snlphate.      But   you    cannot    remove    it    entirely — it    is 

essential  to  the  action  of  the  cell — and  its  presence  is  indicated, 

I  say,  by  accurate  measurements  of  the  density  of  the  cell. 

The  discussion  was  then  adjourned. 


no  BLaomnr  or  oiamuxia.  [ibr.  loth, 

A  ballot  look  place,  at  whidi  the  fiiUowing  candidatw  were 
elected:— 

Foroffn  Member: 

JtMe^A  P.  Davis. 

Member: 
George  Frederick  Fesood. 

AsaotAaUe: 


Geoi^  Daiiing. 

Martiii  Hamiltoii  Kilgoar. 
Chailes  Heniy  Baper. 


Oaptain  Anthonj  Thomson. 
James  Townsend. 
S.  N.  Wilson. 


Charles  Geoi^  Wright. 

Student: 

'S.eaxj  William  Haudcock. 
The  meeting  then  adjoomed  until  March  17th. 
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rEitraordinarj  General  jMeeting  of  the  Society  was  held  at,  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street^ 
Westminster,  on  Thursday  Evening,  March  17th,  1887 — 
Professor  W.  E,  Aybton,  F.E.S,,  Vice-President,  in  the  Chair. 
The  Chairman  :  In  calling  npon  the  Secretary  to  read  the 
minnteB  of  last  meeting,  I  should  explain  that  I  occupy  the 
chair  to-night  in  consequence  of  a  letter  having  been  received 
fium  our  President  stating  that  he  is  confined  to  his  room  by 
illness,   and   consequently,   much   to   his   regret,   unable   to   be 

tsent  this  evening. 
The  minutes  of  the  last  meeting  were  read  and  approved. 
The  Chairman:  I  have  the  painful  duty  of  announcing  the 
ucoth  of  our  Librarian,  Mr.  A.  J,  Frost,  who  was  well  known  to  all 
of  us.     The  Secretary  has  kindly  put  into  my  hands  some  memo- 
randa relating  to  Mr.  Frost's  ser^-ices,  but  it  is  almost  unnecessary 
to  read  them,  because  we  all  knew  him  so  well  in  his  connection 
with  this  Society — a  connection  which  dates  as  far  back  as  the  time 
when  he  acted  as  assistant  to  the  first  Secretary.     In  April,  1877 — 
ten  years  ago — he  was  engaged  by  the  Council  to  prepare  the 
Sonalds  Catalogue  for  publication,  and  to  arrange  the  Ronalds 
^_  Jjibrary,     Any  of  you — and  I  suppose  that  is  all  of  you — who  have 
^neen  the  Ronalds  Catalogue  know  what  a  great  amount  of  labour 
^BnnBt  have  been  expended  in  preparing  such  a  catalogue,  and  how 
^■valuable  was  that  special  knowledge  which  was  possessed  io  such 
^■a  high  degree  by  Sir.  Frost  in  the  preparation  of  a  catalogue  bo 
valuable  as  is  the  Ronalds  Catalogue.     I  can  speak  &om  personal 
rience,  having  been   for   several    years    Chairman    of   the 
Ubrary  Committee,  of  the  very  great  interest  that  Mr.   Frost 
always  showed  in  his  work ;  in  fact,  as  has  been  said  more  than 
once,  he  was  a  bom  librarian.     When  I  became  connected  with  the 
editing  of  the  Society's  Journal,  he  pointed  out  to  me  that  there 

I  were  many  serious  imperfections  in  the  index  to  the  old  volumes, 
^d  informed  me  that  at  the  Society  of  Librarians  the  index  of 
Dor  Journal  was  unfortunately  taken  as  a  sample  to  show  how  an 
index  onght  not  to  be  made.  He  then  made  some  suggestions 
u  to  how  he  thought  an  index  should  be  made — suggestions  that 
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I  hope  I  profited  by.  The  J^cretary  has  reminded  me  that  he 
pubheihed  an  index  to  the  first  ton  volumes  of  the  Society's 
.Tournal,  which  is,  of  course,  of  great  value.  I  use  it  myself 
frequently :  it  saves  one  looking  through  the  indexes  during  all 
the  previous  ten  years  in  which  the  Journal  has  been  published 
when  one  wishes  to  turn  up  any  ])articular  reference.  Mr  Frost 
WHS  elected  an  associate  in  1877.  In  I860  the  Konalds  Cata- 
logue was  comi»Ieted,  imd  the  Konalds  Library  Trustees  were 
advised  that  the  catalogue  had  been  completed,  and  also  the 
hooka  bound  as  required  by  the  terms  of  the  trust.  The  trustees 
made  an  inspection,  and  cer(ifie<l  that  the  Society  had  satis- 
factorily complied  with  the  conditions  of  the  trust.  Mr.  Frost 
was  formally  appointed  r>ibrarian  to  the  Society  in  1880.  He 
completed  the  biographical  memoir  of  Sir  Francis  Konalds  which 
appears  in  the  catalogue.  It  is,  in  fact,  perfectly  clear  that  we 
hove  lost  n  verj*  valuable  officer  of  the  Society  in  losing  Mr. 
Frost ;  and  I  am  sure  you  will  all  sympathise  with  myself  and 
with  the  Council  in  the  regret  that  we  feel  at  this  very  serious 
loss  that  the  Society  has  sustained. 

The  names  of  new  candidates  were  annomiced  and  ordered  to 

be  suspended. 

The  adjourned  discussion  on  Mr.  Fitzgerald's  jjaper  on 
"  Keversible  I^ead  Batteries,  and  llieir  Use  for  Electric  Lighting," 
was  resumed. 

Professor  G.  FoRHES :  Tlie  jirincijial  point  to  which  I  would 
direct  the  attention  of  the  Society  is  in  regard  to  the  small  table 

Usio^t  Ckll. 
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hicli  I  liave  put  up  here,  containing  some  iacts  relating  to  tests  p""^" 
"which   r  made  upon  this  battery  to  whit;h  Mr.  Fitz-GeralJ  has 
diawn  attention.      These  tests  show  the  rate  of  discharge  and 

the    capacity    which    corresponds    with    that    rate  of  discharge. 

^HJTau  will   notice  from   the  Bgures   that  when  we  diminish  the 

^HpLte  of  discharge   we    get    an    enormous   increase  of  capacity. 

^HThe  cun'C  which  shows    the  capacity  in   terms  of  the   rate  of 

^Hdischarge  is  very  remarkable  indeed,  lising  very  rajjidly  as  the 

^^bate  of  discharge  diminishes.      My  ovra  tests  which  were  made 

with    this   battery  were    purely  with  the  object  of   finding   its 

^^practical   use,    and    I    did   not    prosecute   any    scientific    tests 

^Bfco  Rod  the  ultimate  value ;    but  the  form  of  that   curve  is   eo 

remarkable  that  I  should  like  to  ask  Mr.  Fitz-Gerald  whether  he 

has  made  any  tests  with  extremely  slow  rates  of  discharge.     The 

very  lowest  rates  of  discharge  in  my  table  are  higher  than  that  of 

^y  other  secondary  battery  which  has  come  under  my  notice  for 
B  same  weight. 
[  made  a  good  many  tests  of  these  batteries  last  year,  and 
their  lightness  is  of  course  a  very  remarkable  feature  ahout  them : 
tbey  are  lighten  for  the  capacity  that  they  have  than  any  other 
which  1  have  ever  seen.  The  material  itself,  which  Mr, 
^^Ji'itz-Geralil  has  invented,  is,  as  every  member  will  see 
^^pmmediately,  a  very  remarkable  material  indeed,  and  is 
mechanicaUy  good ;  it  looks  like  the  right  sort  of  stutf,  from  its 
solidity,  and  it.  looks  as  if  it  were  a  durabje  mat.erial.  Of  course 
le  cannot  tell  by  simply  making  testa  of  a  few  months  whether 
ia  going  to  have  a  long  life  or  not;  but  while  I  had  these 
■teries  under  my  own  supervision  I  took  care  to  look  over  all 
e  loose  plates  that  had,  some  of  Ihem,  been  in  use  for  years,  and 
ihey  nil,  however  old  they  were,  seemed  to  me  to  be  just  as  good 
when  they  were  new.  Moreover,  I  never  saw  any  white 
imlphate  on  thcra ;  so  that.  I  must  say  that.  I  felt  that  Mr. 
Fitz-Gerald  had  made  a  very  great  stride  indeed  in  secondary 
batteries  in  inventing  this  anode,  and  I  am  sure  that  the  more 
t«eta  are  made  of  it  the  more  they  will  be  appreciated. 

I    There  are,  however,  some  points  in  this  battery  independent 
f  the  lil  banode.    The  manner  in  which  it  is  supported  in  the  cell 
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fofeworo.  ig  different  from  all  others,  in  the  first  place,  in  the  employment 
of  mercury  for  the  contact,  and,  in  the  second  place,  in  the 
employment  of  celluloid  for  the  framework,  and  of  platinum  for 
making  contact.  As  to  the  mercury,  one  has  generally  a  eorti  of 
objection  to  using  mercury  for  a  permanent  contact.,  but  I  do  not 
think  that  it  is  a  very  serious  objection ;  and  really,  as  far  as  I  see, 
it  is  only  adopted  because  the  inventors  of  this  battery  have 
thought  that  it  was  more  convenient  to  have  that  mercury 
contact,  in  spite  of  such  imperfections  as  it  may  sometimes 
possibly  have,  in  preference  to  ordinary  contacts,  which  are 
certainly  liable  to  become  imperfect  sometimes  and  lead  to  a 
great  deal  of  trouble ;  as  all  of  us  who  have  used  secondary 
batteries  know,  we  do  have  great  trouble  sometimes  from  imperfect 
contacts  of  the  plates  in  a  cell. 

I  should  like  if  Mr.  Fitz-Gerald  could  give  us  some  little  more 
information  than  he  baa  about  tliis  celluloid,  which,  fo  far  as  I 
have  been  able  to  see,  appears  to  be  a  good  material  for  battery 
work,  and  seems  to  be  very  easily  worked  also.  Of  course  the 
use  of  platinum  for  making  contact  is  rather  an  objection  on 
account  of  the  eipense,  but  that  really  eeema  to  me  to  be  tlie 
only  defect  in  the  whole  battery. 

I  have  said  that  the  result  of  all  my  tests  was  most  undoubtedly 
to  lead  me  to  think  that  Mr.  Fitz-Gerald  had  made  an  enormous 
advance  in  secondary  batteries.  There  is,  however,  one  point 
that  has  puzzled  me  very  much  indeed — that  is,  as  to  its  cause — 
but  which  seems  to  me  to  add  a  new  feature  to  the  form  which  is 
at  present  before  us.  You  all  know  that  when  we  are  charging 
an  ordinary  secondary  battery,  an  E.P.S.  cell  or  any  other,  we 
have  what  can  be  called  a  spurious  electro-motive  force;  i.e.,  we 
have  the  natural  electro-motive  force  of  the  battery,  which  ia 
almost  exactly  2  volts,  but  at  the  first  movement  after  charging 
it  we  find  that  the  electro-motive  force  of  the  cell  is  at  least 
2J  volts,  sometimes  a  bit  more  than  that ;  and  it  follows  that 
during  the  whole  of  the  latter  time  that  we  are  charging  up  the 
cell  we  are  charging  against  an  electro-motive  force  of  2^  volts, 
and  when  we  discharge  it  we  discharge  it  at  2  volts,  because  this 
Bpnrions    electro-motive   force    disappears    almost   immediately. 
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erefore,  neglecting  all  other  cauRes  of  loss  of  efficiency  in  '^£5°?*'°''' 
seconiiaiy  battery,  we  have  simply,  owing  to  this  cause  in  itaelf, 

KloBs  of  efficiency  in  the  ratio  of  SJ  to  2. 
Now  in  the  cell  which  is  before  us,  in  the  whole  of  the  testa 
hich  I  have  made,  I  have  never  seen  any  spurious  electro-motive 
force  such  as  I  have  mentioned.  The  highest  electro-motive 
force  which  I  have  ever  got  Irom  a  cell  immediately  after 
charging  it  has  been  considerably  under  2'l,and  the  terminal 
electro-motive  force  when  I  was  charging  it — that,  of  course, 
depending  upon  the  resistance  of  the  battery — ^was  never  in  excess 

K2*15.     This,  then,  seems  to  me  to  be  an  enormous  advantage 
it  has  been  gained  in  this  cell,  viz.,  that  instead  of  having  a 
necessaiy  loss  from  this  cause,  however  much  we  may  improve  the 
^^pnttery,  in  the  ratio  of  2  :  2^,  you  certainly  have  not  more  than 
^H|-0  to  about  3'1.     This  is  a  very  remarkable  thing.     I  have  had  a 
^^^^at  many  secondary  batteries  to  test  at  different  times,  and  I 
have  never  seen  one  doing  the  same  as  thia.    What  is  the  reason 
of  it  I  cannot  say.     The  genemi  assumption  as  to  the  cause  of 
that  spurious  elect  ro-motive  force  is  that  it  is  due  to  bubbles  of 
hydrogen  sticking  to  the  plate.     But  if  it  is  due  to  bubbles  of 
lydrogen,  then  the  de^Kilarising  action,  as  you  may  really  call  it, 
e  to  be  something  hke  the  action  of  the  platinised  plate  of 
8mee  cell.    The  surface  of  the  plate  seems  to  have  some  action 

in  allowing  or  not  allowing  of  the  attaching  of  liydrogen  bubbles 

^Hjto  the  plate ;  probably  smoothness  of  surface  has  HOmething  to  do 

^^with  it.     I  am  sure  that  I,  in  common  with  everyone  else,  must 

congratulate  Mr.  t'itz-Gerald  most  heartily  on  having  produced  a 

plate  that  is  certainly  a  great  advance  in  secondary  batteries. 

H        Professor  H.  P.  Tuompson  ;  I  have,  thanks  to  the  kindness  of 

the  Primary  Battery  Company,  had  a  small  cell  for  some  months 

^^  under  ray  charge  iu  my  laboratory,  and  from  time  to  time  I  have 

Wm  charged  it  up  and  discharged  it,  and  it  has  behaved  extremely 

well,  though  it  is  not  quite  of  so  recent  a  ty^ie  as  the  cells  that 

are  shown  to  the  Society.     It  has  behaved  itself  well,  I  am  bound 

to  say.     It  has  not  sulphated ;  it  has  not  performed  any  awkward 

tricks;   buckling  has  not  occurred  in  the  peroxide  plates,  but 

only  slightly  in  the  celluloid  frames.    There  is  no  B\gii  wW^.e'sct 
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rrofeiioi     of  Jeteriorution  in  the  Utbanode  plates.     I  was,  however,  a  little 
diaijipointed  whea  I  came  to  work  with  it,  on  finding  that  I  could 
not  get  as  Inrge  a  di^uliarge  from  it  as  I  had  expected  in  propor- 
tion to  the  surface  of  the  plates,     I  do  not  want  to  speculate  on 
what  I  hfive  not  really  tented  ;  but  it  seems  to  me  that  a  higher 
rate  of  discharge  for  a  given  weight  or  siirtace  of  these  pells  would 
be  obtained  if  the  olcctrode,  or,  rather,  the  metal  thnt  is  in  cou- 
neotion  with  the  litbanodc,  were  of  rather  larger  area.      Nowhere 
one  conies  across  a  certain  practical  difficulty,  because  the  inventor, 
with  the  express   object   of  avoiding  loeal   action  between  the 
peroxide  and  the  leaden  frame,  has  adopted  a  platinum  contact; 
and  he  has  certainly  very  ingeniously  reduced  to  a  minimum  cost 
that  platinum  support,  for  the  two  strips  of  platinum  foil  that  go 
down  behind  the  lithanode  plate  cannot  cost  very  much.     I  do 
not  siay  they  will  cost  less  than  a  leaden  frame  would  cost,  but 
thoy  cannot  cost  very  much.     But  I  fear  that  in  having  such  an 
extremely  small  amount  of  platinum  in  contact  with  the  lithanode, 
something  has  been  sacrificed.     My  impression  is  thiit  litlionode 
is  not  so  good  a  conductor  that  you  can  afford  to  introduce  into 
the  battery  the  resistance  that  it  interposes  in  the  path  of  the 
current  in  going  from  the  edges  of  the  plate  to  the-  platinum 
contacts.     That  resij^tancc  would  he  gi'catly  reduced  if  you  had  a 
frame  all  round  the  edges  of  it,  or  a  grid   fixed  through  it,  or  if 
there  were  a  more  extensive  surface  of  platinum  in  contact  with 
the  back.     1  believe  that  this  interior  resistance  is  the  reason  wby 
one  does  not  get  such  large  currents  as  one  would  expect  from 
that  surface.     If  I  am  wrong,  perhaps  Mr.  Fitz-Gerald  will  correct 
me ;  but  I  believe  that  with  an  equal  amount  of  surface  in  the 
battery  you  cannot  use  the  same  discharge  current  as  with  the 
plates  that  have  grids  around  them.     If  I  am  wrong  I  shall  be 
glad  to  be  corrected,  but  I  did  not  find  it  so  in  the  case  of  the 
little  battery  which  he  was  kind  enough  to  place  at  Tny  disposal 
I  certainly  saw  no  trace  of  the  formation  of  white  sulphate  ;  but 
I  must  disagree   with    Mr.  Fitz-Gerald   entirely  on    the  white 
sulphate  question,    I  do  not  think  there  can  be  two  opinions  uiKin 
Ihe  esfienti;il  badness  of  a  plate  thnt  is  all  white  with  snlphat.e  , 
iu/  ire  ought  to  bear  in  mind  that  there  are  two  sulphates  of 
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lead,  and  that  Iwth  these  aulph&tes  may  occur  in  a  eecondary  I^S^ 
battery.  There  is  the  grey  sulphate  of  lead,  if  I  may  call  it  so — 
a  semi-transparent  substance,  grey,  not  white,  when  we  find  it 
newly  formed  in  our  batteries.  It  has  the  chemical  formula 
Pb  SO,,  and  is  comparatively  easy  both  to  oxidise  and  to  reduce ; 
it  is  not  a  hopeless  substance.  But  if  this  substance  hag  been 
formed  for  some  time  in  the  cell — for  example,  by  the  ordinary 
process  of  charging  and  running  down — and  if  you  have  carried 
the  point  of  discharge  so  far  that  you  also  have  Pb  reduced  to 
the  state  of  monoxide,  and  if  these  two  substances  are  simul- 
taneously present  in  the  cell,  they  very  soon  take  the  opportunity, 
when  the  cell  is  idle,  of  combining,  and  so  you  get  a  basic  layer 
of  lead  (Pb,  SO.).  This  is  a  whiter  substance  than  the  simple 
salpbate  of  lead,  and  if  it  grows  to  any  extent  in  the  cell  is 
absolutely  detrimental,  for  it  is  not  reduced  by  the  hydrogen  at 
the  reducing  end,  and  it  does  not  turn  to  peroxide  at  the  other 
end.  It  simply  chokes  the  cell  and  falls  out  in  the  form  of  a 
vhite  powder.     It  is  an  utterly  hopeless  substance  in  cellt;. 

There  is  a  question  which  I  would  like  to  see  discussed,  upon 
which  I  think  we  really  possess  extremely  little  information. 
Suppose  you  have  a  fully  charged  cell :  let  us  think  about  the 
peroxide  end — I  will  not  call  it  the  positive,  as  I  usually  do, 
because  ]\ir.  Fltz-Gerald  calls  it  the  negative,  and  I  am  afraid  we 
should  misunderstand  one  another— I  mean  the  plate  that  is  of  a 
ruddy-brown  colour — the  peroxide  plate  ;^-one  cannot  misunder- 
stand that.  If  we  have  one  of  these  fully  charged  ruddy-brown 
plates,  and  begin  to  discharge  it,  in  what  way  does  the  discharge 
begin  ?  We  are  having  that  go  down  to  some  lower  state  of  oxida- 
tion, accompanied  by  partial  sulphating :  does  it  begin  on  the 
front  surface,  or  does  it  begin  nest  to  the  condui-ting  support, 
whatever  that  may  be,  or  does  it  begin  simultaneously  all  through  ? 
I  believe  that  if  you  have  platen  of  one  degree  of  density  one 
thing  may  happen;  if  you  have  jiliites  of  another  degree  of 
density  another  thing  may  hapj'Cn,  Those  pieces  of  litbanode 
are  marvellously  dense;  I  Bhould  expect  that  with  the  denser 
quality  of  litbanode  the  action  would  begin  outside  sooner  than 
inside.     I  should  expect  that  with  a  com^iavativelj  ^loub  V\Tt.^ 


198 


EETEBBIBLE  LEAD  BATTEHIE8. 


[Mar.  17th, 


TiiauS^n.  °^  density  the  action  would  begin  close  to  the  support,  whether 
it  was  inside  or  whether  it  was  at  the  back.  The  only  piece  of 
evidence,  however,  that  I  can  offer  on  this  point  as  to  where  the 
action  Iwgiiis,  is  from  what  may  be  seen  in  the  first  forming  of  a 
pasted  cell.  If  one  takes  an  ordinary  piece  of  sheet  lead  and 
pastes  it  over  with  the  preparatory  paste  of  red  lead  and  sulphuric 
acid,  allows  it  to  harden  np  to  a  certain  extent,  and  then  puts  it 
into  the  cell,  on  charging  it  is  either  oxidised  or  reduced.  In 
either  case  you  find  that  there,  unquestionably,  the  action 
begins  next  to  the  leaden  core  and  proceeds  from  the  middle 
outwards,  and  the  outside  is  the  last  to  be  turned  into  peroxide 
or  reduced  to  spongy  lead,  But  I  do  not  know — I  have  not  really 
made  experiments  to  tell — and  I  want  to  know,  whether  in  the 
process  of  discharging,  the  reduction  begins  at  the  surface,  or 
right  through,  or  nest  to  the  support  ? 

There  is  another  matter  that  is,  I  think,  worth  discussing — 
that  is,  whether  the  scum,  which  was  referred  to  last  week  by 
some  speakers,  that  forms  over  the  surface  of  the  lead  supports 
(and  which  some  speakers  believed,  and  I  myself  believe,  to  play  an 
active  part  in  protecting  those  supports  from  being  bitten  into  and 
eventually  destroyed)  is  simply  sulphate  of  lead:  we  assumed  last 
week  that  it  was.     But  I  have  noticed  again  and  again  that  the 
aomn  that  you  get  is  not  of  the  true  colour  of  the  sulphate ;  it  is 
generally  of  a  dark  brownish  colour,  but  whether  it  is  sulphate  I 
do  not  know,  and  I  want  to  have  the  opinions  of  others  in  that 
respect.     There  is  an  extremely  beautiful  experiment  made  by 
Dr.  Oliver  Ivodge,  recounted  in  his  Cantor  Lectures  on  secondary 
batteries,  which  bears  a  relation  to  this  question  of  scum.     He 
was  recounting  certain  facts  about  Plant e's  old  process  of  formation 
by  charging,  recharging,  reversing  and  charging  again,  and  he 
pointed  out  that  if  you  take  two  plates  of  lead  that  have  never  been 
used  before,  and  pass  a  current  through  them  so  as  to  slightly 
peroxidise  one,  the  other,  as  we  all  know,  and  as  Plante  pointed  out, 
does  not  get  bittenintoat  fir.^t;  hydrogen  bubbles  merely  play  over 
it,  and  its  surface  becomes  slightly  hydrogenised.   Now  if  you  dis- 
charge such  n  pair  of  plates,  the  reduced  plate,  having  a  mere  film 
of  hydrogen  over  it  and   no  working   depth  of  spongy  lead,  is 
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exhausted  in  a  very  few  secotids.  Dr.  Oliver  Lodge  used  twoP"'««M» 
such  strips  to  ring  an  electric  bell,  and  he  found  that  the  action 
slopped  almost  suddenly  after  a  few  seconds,  and  the  bell  ceased 
ringing.  MTiy?  Not  because  the  ijeroxide  film  had  given  up  all 
its  oxygen,  but  because  the  leaden  plate  had  become  covered  over 
with  the  scum.  He  put  a  piece  of  zinc  for  a  very  short  tim&^ 
the  tenth  part  of  a  second  will  answer — -down  into  the  liquid,  and 
on  touching  the  leaden  plate  the  scum  inrtantly  disappeared,  the 
ilate  resumed  its  metallic  look,  and  the  bell  went  on  ringing  for 
or  15  seconds  more,  when  the  scum  again  formed.  Apparently 
lead  refuses  to  bum,  or  be  consumed,  in  sulphuric  acid  when  it 
presents  a  smooth  surface ;  it.  requires  to  be  made  spongy,  or  at 
least  to  be  finely  divided  at  the  surface. 

There  are  two  or  three  remarks  made  by  Mr.  Preece  last  week 
that  I  wish  to  refer  to  incidentally.  He  urged  the  use  of  hydro- 
meters in  keeping  a  check  ujion  the  charge  in  the  cell,  and  upon  the 
general  state  of  the  cells.  I  can  only  too  heartily  endorse  that 
recommendation.  I  know  as  a  matter  of  fact  that  hydrometers 
have  been  used  by  the  older  esperimenters — certainly  by 
Mr.  Sellon,  and  by  the  Electrical  Power  Storage  Company  for 
many  years  now.  I  think  I  am  not  mistaken  when  I  say  that 
[C  Electrical  Power  Storage  Company  has  produced  certain 
fecial  little  forms  of  hydrometer,  made  thin  and  narrow,  so  that 
they  can  be  inserted  between  the  plates  of  the  cell.  The 
hydrometer  is  a  most  excellent  thing  to  work  with ;  it  affords  a 
really  scientific  check  upon  the  state  of  the  cells.  But  when  I 
endorse  that  remark  of  Mr.  Preece's,  I  must  entirely  differ  from 
ilie  exact,  figures  that  he  gave  aa  those  to  which  the  hydrometer 
ought  to  read,  and  where  he  pointed  out  what  variation  should  be 
allowed  with  a  strength  of  acid  of  1,210(1,000  being  taken  as  the 
density  of  water).  Now  the  particular  variation  which  he  found  in 
his  cells  is  by  no  means  the  same  that  ought  to  be  found  in  every 
cell.  Observe,  the  variation  of  density  in  a  cell  depends  entirely 
upon  the  withdrawal  of  acid  from  it.  Now  if  your  cell  has  a 
certain  number  of  plates  in  it,  and  there  is  a  certain  bulk  of  acid, 
and  you  start  with  acid  of  a  certain  density,  as  Boon  as  those 

plates  are  fully  discharged  tbey  will  have  become  to  a  ta'rt.aai 
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extent  sulphat«d,  and  a  large  quantity  of  acid  will  have  been 
withdrawn.  Well,  I  grant  you  that  if  yon  discharge  these  plates 
from  some  point  to  the  same  point,  they  will  tako  U])  the  same 
quantity  of  anlphntic  acid  whether  they  are  in  a  big  box  or  in  a 
little  box ;  but  the  change  of  density  occaaioned  by  the  withdrawal 
of  a  given  amount  of  acid  from  the  water  depends  upon  tbe 
actual  amount  of  water  in  the  cell ;  and  Mr.  Preece'.'^  figures, 
though  right  enough  for  one  type  of  cell,  must  not  be  taken 
without  some  restriction  as  to  what  they  mean. 

Then,  as  regards  the  chemical  fomiula  which  Mr.  Fitz-Gerald 
wrote  up  for  us,  I  accept  it  to  a  certain  extent  aa  representing 
chemical  effects,  but  I  think  there  is  a  good  deal  more  to  be  said 
upon  the  chemical  question.  The  chemical  question  is,  however, 
capable  of  being  settlerl  uixin  an  absolute  basis.  Why  does  an 
accumulator  give  an  electro-motive  force  of  about  2  volts  ?  That 
is  a  purely  thermo-chemical  question.  Wliy  does  the  Daniell 
cell  give  us  a  little  more  than  one  volt?  That  is  a  purely 
thermo-chemical  question,  and  can  be  shown  without  the 
slightest  difficulty  purely  from  thermo-chemical  data,  at  any  rate 
to  a  first  approxtmfltion.  For  example,  we  know  that,  taking  an 
equivalent  quantity  of  zinc,  and  causing  it  to  be  consmned  in 
sulphuric  acid  and  form  zinc  sulphate,  the  quantity  of  heat 
given  out  from  the  zinc  is  85,400  calorieti,  whereas  the  similar 
data  for  the  equivalent  of  copper  show  37,520  calories,  and  the 
difference  between  the  two  is  47,880 ;  and  seeing  that  46,000 
calories  or  thereabout  correspond  to  one  volt,  it  follows  that  the 
E.M.F.  of  a  zinc-copper  element  is  a  little  over  one  volt,  Now, 
if  from  the  thermo-chemical  properties  of  zinc  and  copper  we  can 
calculate  the  electro-motive  force  of  a  Daniell  cell,  we  ought  to 
be  able  to  calculate  precisely  fif  we  know  the  chemical  data)  the 
electro-motive  force  of  an  accumulator.  Conversely,  if  we  know 
the  electro-motive  force  of  an  accumulator  to  be  2  volts,  or  a 
little  over  or  under  as  tbe  case  may  be,  we  ought  to  be  able  by 
that  very  fact  to  say  which  of  tbe  various  thermo-chemical  data 
corresponds  to  that  electro-motive  force,  and  therefore  say 
precisely  what  are  the  chemical  facts. 
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What  are  the  various  hypotheses  that  have  been  propoanded  ? 

think  I  know  of  five. 

Some    people    say    that    the    electro- motive    force    of    the 

accumulator  is  due  to  the  reduction  of  peroxide  of  lead  to  spongy 

lead.     It  is  rather  a  wild  hypothesis,  for  it  requires  us  to  believe 

that  the  riinning  down  of  spongy  lead  from  the  metallic  state  at 

e  anode  reduces  the  peroxide  back  to  the  metallic  state  at  the 

her  end  I 

The  second  hypothesis  is  that  the  peroxide  is  rpduced  from 

condition  of  oxygen-activity  by  the  sulphuric  acid  to  become 

sulphate. 

A  third  hypothesis  is  that  at  one  end  the  lead  goes  to  lead  snl- 

ihate,  and  at  the  other  end  the  peroxide  is  reduced  to  spongy  lead. 

The  fourth  hypothesis  is  that  both  the  plates  go  to  sulphate : 

one  end  PbOj  gives  up  its  oxygen  and  takes  up  SO,,  at  the 

her  end  spongy  lead  take^  up  SO,,  and  both  become  Pb  SO,. 

And  the  fifth  hypothesis  is  that  at  one  end  the  peroxide  goes 
iwn  virtually  to  monoxide,  and  that  at  the  other  end  the  spongy 
lead  goes  down  to  litharge  also. 

Of  all  these  hypotheses  which  is  correct  ?     If  we  know  the 

enno-chemical  data  we  can  say  absolutely  which  of  tliese  five  is 

the  proper  hyjwthesis.     It  is  only  a  question  of  knowing  the 

&cts.      Take    the   first    hy]xithesi8 — that    peroxide   of    lead   is 

^^dedaced  to  spoiigy  leaii  by  hydrogen,  by  nascent  hydrogen,  from 

^H^e  water  in  the  acid— what   am  I  to  write  up  ?     I  have  to  write, 

^Blot  a  chemical,  but  a  the rmo- chemical  calculation.     We  have 

^^  (HrtO)  -  l(PbO,0)  -  ^(Pb,0).     According  to  the  researches 

^_of  Tscheltzow  the  numbers  are  68,800  —  6,070  —  25,530,  and 

^phe  net  result  is  37,200.     Now  46,000  go  to  one  volt  or  there- 

abootB,  so  these  37,200  only  correspond  to -81  volt;  so  that  settles 

^Kthat  that  is  not  the  action. 

^1  In  the  same  way  I  could  show  you  that  the  second  hyjiotheais 
^Hwonld  lead  to  1-17  volts.  Aho  with  the  third  hypothesis,  which 
^■I  believe  is  Mr.  Fitz-Gerald's — that  the  spongy  lead  goes  down  to 
^■sulphate,  and  that  the  peroxide  is  reduced  to  a  lower  oxide: 
that  would  lead,  according  to  the  thermo-chemical  data,  to  a 
force  of  less  than  one  volt — 0'96. 
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y^^^'  The  accepted  hypothesis  is  that  both  get  Btilphated.    Accord- 

ing to  Tscheltzow  the  reaction  is 

[+Pb,0)-(H„0)  +  [PbO.BO„Aq)_(Pb0.01  +  (H,.0)  +  {PbO,80j,Aq)i 
now  the  numbpra  are 
31,060-68,800  +  24,840-12,140  +  68,800  +  24,840=88,600, 

which,  tumed  into  ^''''^f  ToT^Tin   ~    ''^^   volts,  or  very   nearly 

2  volts.  This  would  show  that  the  espresaion  is  a  fair  representa- 
tion of  what  goes  on.  It  is  quite  true  that  we  get  sulphate  at 
both  ends— I  am  perfectly  sure  on  that  point. — and  Mr.  Fitz-Gerald 
will  hear  a  further  reason  why  he  does  not  find  it.  But,  although 
I  say  that,  I  am  very  Ptrongly  of  the  impression  that  sulphating 
at  both  ends  is,  in  one  sense,  no  necessary  part  of  the  action  of 
the  battery ;  it  ia  necessary  in  another  sense,  because  the  elements 
are  chemically  what  tliey  are.  Suppose  yon  have  zinc  and  put  it 
into  a  battery,  that  zinc  dissolves  in  the  sulphuric  acid  and  un- 
questionably gives  out  heat — that  is,  if  you  let  it  only  do  that ;  but 
if,  instead,  you  let  it  drive  a  current  through  a  wire,  then  the 
energy  is  carried  off  through  the  wire  and  gives  out  heat  some- 
where else.  Hut  does  the  greater  part  of  the  heat  come  from  the 
zinc  going  down  to  the  state  of  oxide  of  zinc,  or  does  it  come  from 
the  oxide  of  zinc  going  down  to  the  state  of  sulphate?  Remember 
also  that  if  you  have  an  identical  action  at  both  ends  of  the 
battery,  that  action  will  avail  you  nothing,  even  though  it  gives 
out  heat.  Suppose  you  have  zinc  at  each  end  turned  thus  into 
zinc  sulphate,  there  is  heat  at  both  ends,  but  they  do  nothing; 
the  heat  is  nou-adjuvant,  and  does  not  assist  the  electro-motive 
force  of  the  battery.  Now,  whatever  else  you  have — the  reduction 
of  the  oxide  or  the  oxidation  of  the  spongy  lead — you  certainly 
have  lead  sulphate;  and  if  you  have  lead  sulphate  at  each  end 
the  actions  balance  one  another  and  become  non-adjuvant. 

In  the  fifth  hypothesis—that  sulphating  is  a  necessary 
accident  of  a  non-adjuvant  kind,  and  that  the  real  actions  ore 
those  that  take  place  before  sulphating  begins — the  beat  valnes 
worked  out  give,  as  I  make  it,  103,460  calories,  which  is  as  near 
M  possible  2-2  volts.  Therefore  I  am  inclined  to  think  that  that 
IS  the  real  action  of  the  calls. 


1887.] 


DISCDBSION. 


203 


Beams 

B-\-f.ii 


I      Now  why  doea  Sfr.  Fitz-Gerald  distinctly  object  to  our  talking  vioittmi 
of  the  plates  as  sulplmted  ?   He  says  it  is  not  solpbated.   He  has  a 
larger  quantity  of  lithanode — of  PbOj — than  gets  reduced  down  to 

fa  lower  state;  something  like  five  times  the  quantity  of  PbO^ 

that  ever  comes  into  play,  or  ever  gives  up  its  oiygen.     It  is  the 

le  in  the  Leclanch^  manganeee  cell  as  in  the  accumulator. 

"You  have  a  metal  plate  at  one  end  and  peroxide  at  the  other. 
The  jjeroxide  of  uiangauese  gives  up  its  oxygen  to  a  small  extent, 
leaving  behind  five  or  six  times  the  actual  weight  of  peroxide 
that  actually  comes  into  play.  In  tlie  accumulator  one-sixth  only 
of  the  jieroxide  will  change  colour,  and  the  rest  will  remain 
brown.  All  the  higher  oxidea  of  lead  are  of  low  dark  colours,  and 
yoa  may  get  an  intermediate  state  of  oxidation  which  is  still  of  a 
dark  colour.  Further,  the  semi-transparency  of  the  sulphate 
that  is  formed  in  working,  will  account  for  that  not  showing  itself 
Ls  a  grey  colour  upon  the  anrface  of  the  plates. 

One  other  explanation,  please.    I  may  he  taken  to  task  by  some 

'Tjenighted  chemist  here  for  saying,  or  assuming,  or  believing  it 
possible,  that  tulphating  is  a  process  which  may  take  place  in  two 
kges;  or  that  lead,  zinc,  copper,  or  anything  else,  can  Jirat 
oxidise  and  (/ich  sulphate.  I  shall  be  told,  I  suppose,  as  Dr. 
Gladstone  seemed  to  hint  last  week,  that  that  is  an  e]q)Ioded 
chemical  notion,  A  single  experiment  of  Plaute's  will  settle  the 
doctrinaire  chemist.  Take  two  copper  wires — two  clean  new 
copper  wires — put  them  into  dilute  sulphuric  acid ;  have  two  or 

i three  Grove  cells  or  a  couple  of  accumulators  to  give  sufficient 
Wectro-motive  force,  and  turn  on  a  current,  having  a  galvanometer 
[n  circuit.  What  happens  ?  The  instant  the  current  is  turned 
bn  a  lot  of  hydrogen  bubliles  apfiear  where  the  current  goes  out, 
knd  a  small  lot  of  oxygen  at  the  other  end ;  after  about  one  and  a 
half  seconds  the  current,  as  observed  in  the  galvanometer,  goes 
down — it  seems  to  stop — and  if  at  that  instant  you  look  at  the 
copper  wire  you  will  see  that  the  oxygen  has  got  covered  with  a 
bron'u  Burface.  An  instant  afterwards  the  action  begins  again; 
^kthe  bubbles  come  off  again,  and  if  you  look  very  carefully  you 
will  8ee  dropijing  down  from  the  surface  of  the  oxidised  plate  a 
solution  of  blue  sulphate  of  copper :  there  you  have  literally  the 
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oxidising  action  beginning  before  the  sulphating  begins.     It  is 
essentiallj  an  action  taking  place  in  two  stages. 

The  Chaibmajn'  :  I  am  reminded  that  we  have  to  bear  Mr. 
Fitz-Gerald's  reply  to-night ;  and  as  several  gentlemen  have  given 
me  their  names  as  being  desirous  of  speaking  on  the  subject^  it  is 
neceseaiy  that  they  be  aa  brief  as  possible. 

Mr,  J,  S.  Sellon:  In  answering  the  call  of  the  Chairman,  I  feel 
under  the  disadvaatago  of  not  having  been  pretient  when  Mr. 
Fitz-Gerald's  paper  was  read,  and  when  some  remarks  were  made 
by  that  distinguished  worker  in  the  iield  of  secondary  batteries. 
Dr.  Ulodatone.  Indeed,  it  was  not  my  intention  or  wish  to  taJce  i 
part  in  this  diecussion,  lest  it  should  be  supposed  that  I  was  in 
any  way  hypercritical  as  to  the  work  of  otbere ;  and  I  think  it  right 
therefore  to  say  that  my  one  wish  is  to  see  improvements  in  the 
development  of  storage  batteries,  and  I  am  only  too  glad  that  bo 
many  should  he  working  in  a  direction  which  has  so  much  to  do 
with  the  progress  of  electric  lighting. 

Having  said  so  much,  I  will  rapidly  glance  over  Mr.  Fitz-Gerald's 
paper,  which  was  courteously  sent  me.  Passing  over  the  pre- 
liminary remarkti,  I  tirst  come  to  the  statement,  with  which  I  am 
obliged  to  disagree,  as  to  the  storage  battery  being  still  in  its 
infancy.  If  so,  it  is  certainly  an  infant  of  elephantine  proportions. 
My  view  is  rather  that  not  only  in  its  practical  development,  but 
I  would,  with  regret,  say,  in  its  approach  to  perfection,  it  hii8'.^M 
passed  the  stage  of  infancy  and  arrived  certainly  nearer  thabV 
of  manhood.  I  use  the  expression  "  regret,"  because  all  of  ub 
would  wish  to  feel  that  great  improvements  could  still  be  made  in 
the  direction  of  greater  capacity  and  lessened  cost;  but  1  imv 
that  the  only  material  points  of  improvement  for  which  we  can 
hope  are  those  of  better  manufacture  and  better  management  in 
the  use  of  the  article  we  have  at  present  to  hand.  I  would 
strengthen  that  view  by  the  fact  that,  alt.bough  for  years  past  the 
cream  of  electrical  scientists  throughout  the  world  have  been  at 
work  to  this  end,  no  great  change  has  been  made,  and  no  great 
departure  from  the  principles  which  were  laid  down  in  1881  has 
resulted.     As  I  have  already  said,  it  is  only,  in  my  opinion,  to 
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greater  care  over  their  manafacture  and  in  their  mHuipulatu)aU''S>iia 
that  we  can  hope  for  any  much  better  effects. 

With  regard  to  the  table  of  figures  of  the  storage  capacity  of 
rarious  secondary  cells  given  by  Mr.  Fitz-Gerald,  I  cau  only  say 
that  the  highest  of  them  in  no  way  Kurpasses  those  which  were 
attained  in  18S1-1882.  To  this  subject  1  will  refer  later  on,  when 
1  will  give  some  figures  furnished  by  the  Electrical  Power  Storage 
Company. 

It  ia  not  my  intention  to  trouble  you  with  any  formulai  on  the 
subject  of  aulphatiDg  after  the  very  able  way  in  which  Professor 
Thompson  has  dealt  with  it.  The  simple  law  which  we  have  to 
deal  with  is  the  fact  that  as  the  peroxide  of  lead  degenerates,  bj 
loss  of  oxygen,  to  a  lower  state  of  osydation,  and  in  eiact  pro- 
portion to  those  lower  degrees,  so  must  the  sulphating  take  place ; 
and  neither  argument  nor  variable  mothod  of  manufacture  can 
afieot  thin  law,  which  is  entirely  a  chemical,  not  an  electrical,  one. 
Before  passing  on  to  the  question  of  capacity,  I  will  first  allude  to 
two  points  of  practical  interest,  in  fact  the  point-s  for  useful  dis- 
cu^on  raised  in  this  paper — viz.,  the  utlhsation  of  aoUd  ^^eroside 
ilates  as  coai|>ared  with  packed  plates ;  and,  secondly,  the  practt- 
ility  of  furnishing  the  electric  light  to  private  houaes  by 
iodical  supphes  of  storage  batteries.  Upon  this  last  point  I 
was  forced  to  propound  my  views  not  long  since,  and  they 
remiiin  unchanged ;  in  fact,  the  rough  figures  I  then  hastily  put 
together  give  much  latitude  to  the  credit  of  the  scheme.  I  did 
not  nearly  exhaust  the  hat  of  difficulties  which  are  to  be  encoun- 
red,  but  I  will  confine  my  objection  to  one  simple  point,  making 
a  present  of  the  question  uf  cost  of  supply,  whether  it  proves  to 
be  oue-sisteenth  of  a  penny  or  one-sixteenth  of  a  poiand  per 
hour. 
[t  eeems  to  be  very  imperfectly  realised  that  the  satisfactory 
working  of  a  battery  depends  materially  upon  the  uniformity  of 
jthe  electrolyte,  that  its  strength  should  be  ^jroperly  adjusted,  and 
hat  such  adjustment  should  be  maintained.  Under  the  varying 
stAta  of  the  replaced  plates,  as  proposed  by  Mr.  I-'itz-Gerald,  this 
becomes  impracticable,  and  all  sorts  of  disorders  and  difficulties 
ill  occur  from  this  simple  cause.     Much  as  one  would  wish  to 
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Ur.BsUon.  ggg  ^jjg  daily  delivery  system  flourisb,  we  mtist,  I  fear,  look  upon  it 
as  out  of  the  range  of  our  present  ciipabilities. 

Now  as  to  the  utilisation  of  solid  peroxide  plates.  It  is  stated 
that  by  tJieir  use  larger  capacity  is  obtained  for  a  given  weight, 
and  that  greater  durability  is  iilso  secured.  My  reply  to  that, 
and  it  is  based  upon  results  obtained  from  prolonged  work  many 
years  ago,  is  that  a  great  capticity  under  regular  and  aormal 
conditions  of  work,  though  at  first  attainable,  is  not  maintainable. 
The  difficulties  which  supervene  are  those  of  the  rapid  clogging 
up  of  such  plates,  and  the  proportion  of  inert  material,  lower 
oxides  and  sulphate,  which  are  essential  to  give  stability  to  such 
a  plate,  is  au  great  relatively  to  that  of  the  useful  active  material, 
that  there  is  no  economy  from  the  first  starting  point.  The 
resistance  throughout  the  mass  ib  so  varying,  consequent,  upon 
the  localisation  of  the  conductor  at  one  spot,  as  was  pointed  out 
by  Dr.  Thompson,  that  unequal  work  is  brought  about  upon 
different  parts  of  the  plate.  Tliose  iiortions  most  distant  from 
the  contact  connection  being  left  in  a  diEFerent  state  of  con- 
version to  the  nearer  part,  and  thus  the  clogging  up  becomes 
aggravated,  unlt-ss  costly  and  difficult  precautinus  are  taken  to 
avoid  it.  As  a  result  the  plates  degenerate  and  deteriorate  in  a 
comparatively  short  time  and  lose  their  power  of  capacity.  It 
would  stand  to  reason  that  it  is  more  advantageous  to  have  a  good 
conducting  medium  distributed  evenly  throughout  the  active 
material,  such  as  is  carried  out  with  the  grid  form  of  i>late,  than 
to  have  only  one  strip  of  contact  connection  down  the  middle  of 
the  plate  and  a  lai'ge  mass  of  inert  and  couijiamtively  non- 
conducting material  throughout  it.  To  sum  up,  the  lead  in  the 
grid  performs  the  doubly  useful  function  of  acting  as  a  support 
and  as  a  conductor  to  the  active  material,  whereas  the  inert 
oxide  and  sulphato  of  lead  in  the  solid  foim  performs  neither 
of  these  conditions  satisfactorily. 

As  to  the  local  action  in  the  grid,  it  is  a  bugbear  which  I  do 
not  allow  to  be  a  factor  in  the  argument.  Its  avoidance  is  Bimi)ly 
a  question  of  care  in  manufacture  imd  in  treatment,  which 
the  esperience  already  gained  ought  to  guard  against. 

The  figm-es  which  I  would  wish  to  give  yon  with  reference  to 
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e  storage  capacity  of  the   E.P.S.   secondary  cells  were   only  «*■ 
iahed  me  juBt  now.     Having  been  absent  on  a  journey,  I  was 

not  able  to  refresh  my  memory  from  my  old  notes  and  I 
■quested  the  engineer  of  the  Electrical  Power  Storage  Company 
send  me  the  laboratory  records  on  the  aubjectj  and,  with  your 
{termission,  I  will  read  his  remarks,  which  I  have  just  received. 
They  are  as  follows:  "  It  would  appear  that  Mr.  Fitz.Gerald  has 
never  taken  an  E.P.S.  cc]l  of  the  L  type  himself  and  given  it  a 
fair  t-est  against,  the  lithanode,  but  lie  takes  the  full  value  of 
41  lbs.  of  lead  in  the  E.P.S.,  which  would  give  the  horse-power  hour 
on  Mr.  Geere  Howai'd's  stalemc-nt.  I  made  an  examination  into 
,e  reports  as  to  weight,  &c,,  of  this  company's  plates,  and  find 

it  in  a  complete  positive, [Mr.  Sellon  :  Of  course  he  meang 

the  peroxide  or  positive  pole  plate] weighing  5  lbs,,  the  Ph  Oj 

in  that  form  of  paste  weighs  only  25  oz.  Taking  eight  peroxide 
plates,  we  have  ^00  oz,,  or  12J  lbs.  of  peroxide  to  produce  the 
Lorte-power  hour — or,  Bay,  375  ampdie  hours.  This  gives  30 
ampere  hours  per  lb.  peroxide.  Mr.  Fit z-Ue raid's  lithanode,  by 
his  own  statement,  gives  16  ampSre  hours  per  lb. — the  lithanode 
is  therefore  at  a  disadvantage  with  the  peroxide  contained  in 
pasted  plates  in  the  proportion  of  about  2  :  I.  Mr.  Fitz-Gerald 
did  not  give  the  specific  resistance  of  his  material,  but  states 
that  it  contains  about  70  per  cent,  of  peroxide ;  and  if  the 
remainder  consists  simply  of  sulphate  the  specific  resistance  of 
the  plate  must  be  very  high,  and  in  addition  to  this  there  is  the 
poor  contact  of  the  platinum  strip  after  discharge  for  a  short 
time.  The  nonnal  output  i)er  lb.,  which  is  advised  by  us,  may  be 
exceeded,  but  our  usual '  pass '  tests  of  a  set  of  batteries  is  when 
one  L  15,  taken  at  random,  will  easily  give  400  ampSre  hours,  when 
discharged,  to  10  per  cent,  fall  of  E.M.F.  This  400  ampere  hours, 
divided  by  the  weight  of  peroxide  in  the  grid,  gives  about  30 
ampere  hours  per  lb.,  and  it  is  evident,  then,  that  we  make  twice 
as  much  use  of  our  peroxide,  even  under  the  worst  conditions, 
than  Mr.  Fitz-Gerald  does  of  his  lithanode  under  what  we  will 
presume  to  be  the  best  conditi<pns.  When  peroxide  is  tested, 
under  the  best  possible  conditions,  in  a  grid,  we  find  that  25  oz, 
would  easily  give   84  ampere   hours."      Tliis  is  at  the  raJte  oi 
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4T  ampere  hours  per  lb,  of  active  material  as  against  tlie  16  hourn 
claimed  for  the  lithanode.  It  therefore  seems  to  me  quite  clear 
that  one  difficulty  in  working  a  solid  peroxide  plate  ie  the 
difficulty  of  utilising  any  reasonable  proportion  of  the  iiiateria!  of 
which  it  is  composed — a  large  portion  of  the  interior,  certnirily 
four-fifths  of  the  plate,  soou  becomes  comparatively  inactive,  and 
the  conductive  power  is  of  course  iliminisheJ  in  proportion  to  its 
degeneration  and  sulphating. 

Mr.  F.  V.  AsDEHSEN :  I  would  like  to  make  a  few  remarks 
upon  the  tigures  given  in  the  paper,  Mr.  ScUon  baa  already 
given  some  of  the  figures,  which  I  wanted  to  mention,  viz.,  those 
referring  to  the  number  of  ampere  hours  per  pound  of  peroxide. 
I  had  some  lime  ago  the  opportunity  of  testing  a  large  number 
of  cells  and  found  the  figure  for  the  E.P.S.  2'2-\bs,  cell  to  be 
2*26  lbs.  of  peroxide  in  the  cell,  with  an  output  of  75  ampere 
hours,  or  at  the  rate  of  33-2  ampere  hours  per  pound  of  peroxide. 
As  to  the  rate  of  discharge — I'rofessor  Forbes  thinks  that  this 
battery  would  discharge  rapidly.  Now  the  i»per  shows  the  rate 
of  discharge,  which,  as  far  as  I  can  see,  was  meant  to  be  the 
normal  rate,  as  being  '207  amperes  per  pound  of  cell ;  and  if  we 
say  that  the  average  [>otentinl  during  the  whole  discharge  is 
l'9o  volts,  we  see  that  the  average  rate  of  discharge  is  "5  watts 
per  pound  of  battery.  Now,  one  horse-power  is  746  watts,  and 
there  is  half  a  watt  rate  per  lb.  of  battery,  so  we  find  that,  the  rat© 

of  discharge  is —  _  horse-power  for  1  lb.  of  battery,  and  con- 
sequently we  must  use  1492  lbs.  of  battery  when  we  want  to  wot^t 
at  a  rate  of  one  horse-power.  I  do  not  object  to  the  main  figures 
as  regards  weight  per  horae-power-hour,  or  storage  cajtacity — the 
Utiion  cell  is  supposed  to  have  only  70  lbs.  of  battery  per  horBe- 
power-hour,  the  22-lb.  E.P.S.  cell  135  lbs.  I  must,  howeverj 
remark  that  the  latter  figure,  according  to  my  ex]ierience,  corre- 
sponds to  a  very  high  rate  of  discharge.  The  average  weight  by 
normal  rate  of  discharge  I  found  to  he  110  lbs.  But  the  E,P.S» 
22-lba  cell,  wlien  working  at  ita  normal  rate  (certainly  not  too 
fast  for  its  capacity),  gives  -GS  amperes,  which  means  1"33  wattt 
per  Jb.  of  battery,  so  that  there  are  561  lbs.  of  battery  to  work  at 
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Uk  rate  of  ooe  horse-ijower.  Compare  that  vitli  the  1402  lbs.  of  Ur-a«ii»n.- 
batlerr  for  the  Union.  Of  course,  there  is  the  greater  storage 
i«pacity — natural,  because  it  has  no  leaden  grid  in  its  negative 
pkte;  but  the  questiou  is  whether  it  ia  important  to  have  a  large 
storing  capacity  when  it  cannot  work  at  a  high  rate,  I  should 
'ike  to  draw  attention  to  the  figures  at  the  end  of  the  papier, 
where  it  is  proposed  to  use  a  battery  which  would  work  three 
;;i)-oandJe  lamps  for  five  hours.  The  stored  energy  required  to 
do  this  ia  taken  ^as  =  1  horae-power-hour :  then  to  bum  for 
five  hours  rei^uires  the  work  to  be  done  at  the  rate  of  one-fifth 
of  a  horse-power,  and  the  battery  would  therefore  weigh  one- 
fifth  of  1492,  or  298  lbs.  Now,  60  per  cent,  of  the  weight  of 
iius  battery  consists  of  the  plates,  so  that  the  weight  of  plates 
required  to  do  this  work  would  be  179  lbs,,  or  very  nearly 
four  times  the  45  lbs.  mentioned  in  the  paper.  If  we  now  . 
look  at   the  E.P.S.  22-lbs.   cell,  we    find   that  to   work  at  the 

rat«  of  one-fifth  horse-power  will  require  —  lbs,  or  112  lbs.  of 

o 

battery,  or,  since  only  50  per  cent,  of  this  battery  is  platee,  56  lbs. 

of  plat«8.     So  we  have  to  compare  these  two  things :  one  battery 

veighs  56  lbs.  in  plates  and  the  other  weighs  179  lbs.,  the  latter 

can  etore  four  times  the  energy  required,  but  it  requires  to  be  so 

lieavy  to  perforin  the  work  at  the  given  rate.     It  may,  of  course, 

lip  a  questioD,  whether  anything  at  all  is  really  gained  by  avoiding 

'i;i\ing  the  lead-grid  in  these  plates.     As  regards  the  capacity 

"i.'lained  by  the  peroxide  being  only  one-half  of  what  it  is  in  other 

vitteries,  I  think  that    the  imperfect  connection  of  the   little 

platinum  strip  is  sufficient  to  ex^ilain  that.     We  could  not  expect 

Hint  il  would  be  able  to  work  either  for  a  long  while  or  to  receive 

a  charge  and  give  it  out  quickly. 

Mr.  Bernard  Dhake  :  I  think  the  chief  question  of  interest  to  it.  onkt. 

the  geneml   pubhc   with   regard   to  secondary  batteries,  at  the 

present  moment,  is  first  cost  and  durability.     Time  alone  will  show 

wliether  the  plates  exhibited  here  to-day  will  meet  the  reqnire- 

menta — namely,  a  cheap  battery,  which  will  give  no  trouble  in 

xortung.      Mr.   Sellon   complains   that   the    progress    made    in 

secondary  batteries  has    been   slow;   if  this  ia  so  it  is  because 
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J*"**'  experiments  made  with  new  types  of  cell  do  not  ahow  results  for 
many  months,  and  care  muat  be  taken,  even  then,  in  working  upon 
the  reaults  obtained  from  a  single  fX|jeriment  or  one  is  apt  to  fall 
into  Bome  error  ten  times  vorse  than  the  one  which  is  being 
rectified. 

We  have  before  us  a  table  comparing  the  capacity  of  cells 
made  by  different  makers,  but  it  should  be  remembered  that  the 
oaLput  for  any  type  of  cells  can  be  varied  within  wide  limits.     It 
was  our  usual  custom,  when  mth  the  E.P.S.  Company,  to  modify 
the   platea   to   meet   special   requirements,  the   output  varying 
between  four  and  six  amii^re  hours  per  pound  of  plates.     The 
figures  given  by  Mr,  Fitz-Gerald  aeera  to  include  the  connections 
as  well  as  the  plates  themselves — these  should  not  be  considered, 
as  they  are  often  made  laiger  than  is  absolutely  necessary  with  a 
view  to  diminishing  the  total  internal  resistance  of  the  battery. 
I  am  glad  to  see  that  JMr.  Fitz-Gerald  agrees  with  the  theory 
propounded  by  Mr.  Gorham  and  myself  at  the  British  Association 
as  to  the  protection  of  the  grid  by  a  dense  coating  of  jieroxide 
and  not  by  sulphate.     It  was  due  to  this  that  we  altered  entirely 
the   mode   of  treatment   recommended    to   users   of    secondary 
batteries,  and  the  results  attained  have  shown  that  this  modifica- 
tion has  been  successful.     I  am  of  opinion  that  the  grid  in  n 
peroxide  plate  is  almost,  if  not  entirely,  dry  when  in  good  order, 
and  that  local  action  sets  in  as  soon  as  the  prutectiug  coat  of 
peroxide  is  acted  upon,  which,  I  believe,  is  only  the  case  when  a 
oell  ia  run  out.     Professor  Forbes  gives  us  a  table  in  which  he 
shows  t.hat  the  capacity  of  the  lithanode  plates  varies  considerably 
according  to  the  rate  of  discharge.     Has  he  taken  into  considera- 
tion the  recuperative  power  of  the  cell?     We  made  some  cells  for 
driving  a  torpedo,  which  were  discharged  at  an  abnormally  high 
rate  for  a  short  time,  and  we  found  that  the  same  curve  of  dis- 
charge could  be  obtained  three  or  four  times  over  if  the  cell  was 
allowed  sufficient  time  to  recover  itself.     I  am  inclined  to  think 
tiiat,  provided  successive  discharges  are  taken,  it  will  be  found 
that  the  total  capacity  is  not  uiaterially  affected  by  the  rate  of 
discharge.     The  next  question  is  the  caiTying  about  of  occumu- 
Jslors  for  lighting  purposes,  and   charging   them  at   a  central 
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station.     Tliis  ia  much  the  same  as  the  temijorary  lighting,  of  *''■  **"*•• 
which  we  carried  out  a  very  large  amount,  having  some  twenty- 
^■re  tons  of  cells  constantly  employed  during  the  London  season 
^TOT  this  purpose.     One  is  apt  not.  to  make  sufficient  allowance  for 
contingencies  in  this  work,  and,  although  the  actual  cost  of  one 
single   installation   seemed   to  show  that  the  system   could   bo 
worked  at  such  a  price  as  would  admit  of  its  general  employment, 
yet,  when  the  total  cost  was  taken  for  the  whole  season,  we  found 
^thst  a  remunerative  price  to  us  would  he  quite  prohibitive  to  the 
^Hmsumer.     Professor  Forbes  states  that  during  the  charge  the 
EJt.F.  of  iithanode  plates  does  not  rise  in  the  same  way  as  with 
the  grid  type  of  cells.     This  is  a  most  interesting  point,  and  the 
reason  is  certainly  not  apparent.     I  should  much  like  to  know 
ether  these  cells  have  the  same  regtilating  property  as  the 
grid  type,  for  this  is  not  merely  a  question  of  internal  resistance. 
Eihausted  batteries  will  not  regulate  to  anything  like  the  same 
extent  as  when  charged  above  the  point  at  which  the  electro- 
motive force  commences  its  sudden  rise. 

Professor  Thompson  has  given  us  an  interesting  explanation 
of  the  action  in  a  battery.  I  think,  however,  he  misimderstood 
the  tenour  of  Mr.  Preece'a  remarks.  Mr.  Preece  did  not  state 
that  the  use  of  hydrometers  in  accumulators  waa  anything  new, 
but  simply  that  if  the  readings  were  watched  more  carefully  it 
would  form  a  useful  indication  as  to  the  chemical  action  which 
was  taking  place ;  also  I  would  remark  that  the  range  of  specific 
grsrity  is,  as  Mr.  Preece  said,  the  same  in  all  the  sizes  of  E.P.S, 
cells,  regardless  of  the  number  of  plates,  for  the  proportion  of  the 
Tolmnes  of  plates  to  acid  was  kept  the  same  throughout  all  the 
lues. 

Professor  S.  P.  Thompson  :  The  cells  would  not  necessarily  be  ProfeMor 

Thompnon. 

the  same  maker. 

Mr.  Bernard   Drark  :   I  understood  you  to  say  the  E.P.S.  at.  nnka. 
ells. 

Mr.  W.  H,  Tasker  :  Professor  Thompson  has  drawn  attention  Mr.  Taikn 
0,  what  he  considers,  the  low  rate  of  discharge  of  the  eel!  before 
be  Society.     I  think  that  when  you  come  to  compare  the  rate  of 
iisoharge  for  the  snrface  of  the  plates  with  tliat  oi  oftiei  cft\V6  '\.\< 
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Ht  T«j»er.  will  be  foTUid  that,  as  it  is  equivalent  to  '016  ampere  per  square 
inch.  it.  is  at  least  as  high  as  iiny  other  hatt^ry. 

Professor  W.  E.  Ayrton  :  Before  calling  u[Mn  the  author  of 
the  jJBper  to  reply  I  would  venture  to  make  n  few  remarks, 
because  my  colleague  and  myself  have  been  connected  with 
the  testing  of  accumulators  from  their  earliest  introduction 
in  England — in  fact  the  nameless  results  given  in  Mr.  Kitz- 
Gerald's  Table  I.  for  the  Faure  cells  are  the  results  of  some 
experiments  that  we  ourselves  made  in  1881. 

Mr.  Drake  has  said,  what,  in  fact,  I  sent  for  this  book  to 
enable  me  to  say,  with  reference  to  the  question  as  to  whether  the 
storage  capacity  ]ier  cell  was  really  greater  or  not  when  the  rate 
of  discharge  was  varied.  It  is,  of  coiu-se,  impossible  to  criticise 
these  results  in  the  absence  of  Professor  Forbes,  but  I  think  that 
Mr.  Drake's  suggestion  is  probably  the  correct  one,  and  that 
it  is  possible  that  Professor  Forbes  neglected  the  resuEcitating 
power.  For  example,  in  a  paper  read  by  Professor  Perry  and 
myself  before  the  Physical  Society  in  January,  1882,  relating 
to  some  experiments  on  the  Faure  accumulator,  we  said,  "  An 
insulation  of  a  few  hours  will  cause  the  energy  given  off  per 
minute  on  rediscbargiog  to  be  eight  to  ten  times  as  great  as  it 
was  before  insulation.  Indeed  on  one  occasion,  after  a  cell  had 
apparently  discharged  itself,  it  was  left  short-circuited  with  a 
thick  wire  for  half-an-honr,  then  insulated  all  night,  whea  tbe 
number  of  foot-pounds  of  work  per  minute  given  off  at  the 
commencement  of  the  discharge  the  following  morning  was 
fonnd  to  be  ten  times  as  great  as  it  was  on  the  previous  evening, 
and  a  greater  amount  of  energy  was  actually  taken  from  it  in  the 
second  discharge  than  in  the  first.""  Of  course  these  tests 
referred  to  rapid  discharges. 

If  you  want  to  find  out,  therefore,  the  stomge  capacity  of  a 
cell  it  is  not  merely  sufficient  to  wait  until  it  gives  off  no 
electricity,  you  must  insulate  it  for  some  hours,  and,  as  Mr. 
Drake  has  said,  start  it  again  and  see  whether  the  next,  or  the 
fourth  or  fifth,  discharge  is  at  all  comparable  with  the  first. 

•  Preeetdinga  q/lh*  ?hi|iical  Socwtvo/  Ij<m4i)iv,'Vol,  V.  page  107. 
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^H    I  should  like  to  ask  whether  in  these  cells  it  ie  found,  as  one  ?^'"" 
finds  with  the  E.P.S.  oells,  that  the  discharge  remains  nearly 
steady  for  a  very  long  time,  and  then  (as  I  have  fonnd  in  several 
cases)  it  drops  almost  suddenly,  as  if  (here  was  an  emptying  of 
the  cell  ?     That  is  sometimes  delusive,  as  there  is  still  more  to 
come  out,  but   I  should  like  to  know  if  there  is  a  gradual  or 
sudden  falling  off  in  the  discharge,  and  whether,  when  it  does  fall 
off,  it  is  due  mainly  to  an  increase  of  resistance  or  to  a  diminution 
of  electro-motive  force. 
^B    We  are  most  deeply  indebted  to  the  Electrical  Power  Storage 
Company  for  the  energetic  way  in  which  they  took  np  a  rather 
hopeless  problem  and  made  a  very  great  success  of  it.     I  remem- 
ber how  Professor  Perry  and   I  were  jxioh-poohed,  in  1881,  for 
believing  in  the  importance  and  the  future  of  accumulators.     A 
well-known  electric  light  engineer  told  us  "  a  steam  engine  and 
boiler  is  the  best  accumulator."     Well,  that  engineer  sells  ac- 
cumolatora  now.     But  while  expressing  my   deep  gratitude  to 
Hue  Electrical  Power  Storage  Company  I  have  to  criticise  some- 
^^liing — it   is   a   detail — and   that   is   their  introduction   of  the 
espression  ''horse-power-hour  capacity."     That  is,  I  venture  to 
think,  a  most  delusive  expression,  because  it  really  does  not  tell 
yon  anything.     It  is  very  much  as  if  one  said  when  buying  a 
watch  that  one  was   living  at  the  rate  of  £100.000  a  year  for 
^^a  minute.     That  gave  no  idea  of  what  one's  income  was.     Why 
^^Borse-power-hour,  why  not  horse-power-minute  or  horse-power- 
^ftecond  ?     We  do  not  want  to  know  what  is  the  horse-power  that 
^■■Bcell  could  theoretically  give  off  if  it  could  be  discharged  in  au 
hour,  because  it  is  jihysically  impossible  to  take  all  the  energy 
oat  of  a  cell  in  that  time.     What  we  want  to  know  is,  at  what 
rate  you  can  discharge  the  cell  safely,  what  rate  the  maker  will 
allow  the  cell  to  be  discharged,  how  many  amperes  per  lb.  weight 
can  be  taken  from  the  cell,  or,  better  still,  how  many  watts  per 
ll>.  (because  that  takes  into  account,   the  electro-motive  force), 
and  for  bow  long  a  time  can  this  number  of  watts  per  lb.  be 
taken.     I  am  not  sure  whether  per  pound  sterling  instead  of  per 
lb.  weight  would  not  be  better,  because  that  is  cost  we  are  really 
I       concerned  with.     We  want  to  know  for  every  Boveieign  o^  \i"nta^ 
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A^'ttS^'  cost  what  rate  of  discharge  in  watts  is  obtainable,  and  for  bow 
long  a  time.  Such  information  would  he  intiuitely  more  valuable 
than  saying  that  a  certain  accumulator  (which  really  required, 
jjerhaps,  eight  hours  to  be  discharged  economically)  had  a  storage 
capacity  of  a  million  horse-power-aeconds. 

I  would  refer  to  one  remark  made  by  Dr.  Thompeon,  when  he 
siwke  about  what  is  the  exact  chemical  action  which  takes  place 
in  the  cell.  I  feel  sure  that  my  disagreeing  with  him  is 
probably  becaose  I  misunderstood  him,  and  therefore,  perhaps, 
he  can  put  an  additional  word  in  when  looking  over  the  transcript. 
Does  he  think  that  at  the  beginning,  when  a  cell  is  discharged, 
there  is  a  sulphate  formed  on  both  plates,  or  only  after  a 
certain  time  ?  If  there  be  not  a  sulphate  formed  on  both 
plates  at.  the  beginning,  then,  of  course,  it  is  quite  right,  to  take 
a  different  chemical  action  for  the  discharge  at  the  beginning 
from  that  taken  after  a  certain  time.  But  if  he  considers  that 
there  is  a  sulphate  formed  on  both  plates,  even  at  the  beginning 
of  a  discharge,  then  I  do  not  see  that  it  helps  him  much  to 
consider  the  two  stages  in  which  the  sulphating  may  be  supposed 
to  form,  because  you  have  not  merely  to  consider  the  first  change, 
the  Pb  Oj  changing  into  Pb  0,  and  Pb  into  Pb  0,  but  you  have 
to  consider  the  second  action,  viz.,  the  sulphating  of  what  remains, 
and  if  that  is  taken  into  the  account  it  is  the  same  aa  his  fifth 
hypothesis  where  the  sulphate  is  formed  at  first.  Of  course  That 
I  have  just  said  disappears  at  once  if  he  takes  the  view  (and  he 
probably  does  from  what  he  has  said)  that  the  sulphate  is  not 
formed  at  all  at  first.  I  have  no  doubt  he  will  make  this  point 
quite  clear  in  his  remarks. 

Of  courae  Mr.  Drake  is  quite  right  in  saying  that  it  is  very 
difficult  t.o  make  money  by  carting  about  accumulators.  I  think 
that  in  one  point  he  may  he  possibly  misunderstood,  and  therefore 
perhaps  I  may  be  allowed  to  say  a  word  in  regard  to  hia  remark 
that  it  does  not  pay  on  a  large  scale.  Usually  things  do  pay  on  a 
large,  or  may  very  often  pay  on  «  large,  scale  which  do  not  jiay  on 
a  small  scale.  Hut  I  think  Mr.  Drake's  meaning  was  probably  this: 
In  certain  cases  people  who  want  the  electric  light  in  a  house  for 
a  ball,  or  other  special  purpose,  are  willing  to  pay  a  relatively 
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large  sum  for  one  evening,  and  under  such  circumstances  il  would  Jl^JJfJ'' 
psj  quite  well  to  cart  accumulators  about,  bub  there  are  not  a 
BUffit'ient  number  of  people  wilUng  to  pay  targe  sums  for 
lemjKirary  electric  lighting  to  make  it  pay  on  a  large  seak'.  Mr. 
Fit2-Gerald  refers  to  the  ha'p'orth  of  milk  delivery  at  the  house- 
door  in  eridence  of  the  possible  commercial  success  of  accumulator 
cartage,  but  he  forgets  tliat  when  the  milkman  comes  round  (at 
least  to  my  house ),  he  does  not  take  the  milk  back  again,  lie  takes 
the  can,  and  I  will  allow  that  the  can  has  some  weight,  but  the 
milk,  which  hoti  the  greatest  weight,  is  left  behind.  Now,  when 
you  take  back  an  accumulator  you  are  taking  back  an  much  weight 
as  you  brought,  and  the  weight  of  the  useless  thing  is  iuiinitely 
great  compared  with  the  weight  of  the  useful  thing,  which  is  the 
power,  and  wliieh  cannot  be  weighed  at  all  of  course.  The  onl}' 
case  that  I  can  think  of  at  this  moment — of  carting  about  a  useful 
thing  in  a  vessel  of  which  the  weight  is  enoiraously  great 
compared  with  the  weight  of  the  thing  required — is  that  of 
sending  about  compressed  gas.  The  gas  is  sent  in  very  heavy 
iron  bottles,  and  the  difference  of  weight  between  an  empty 
bottle  and  a  full  bottle  is  almost  inconsiderable  compared  with 
the  weight  of  the  bottle  itself.  But  then  the  sale  of  compressed 
ga«  is  a  very  small  industry  compared  with  the  milk  induslry, 
tl  it  is  exactly  analogous  with  the  industry  of  carting 
mutators  for  lighting  ball  rooms.  It.  is  almost  like  buying  ii 
|irecioas  jewel,  the  weight  of  which  is  very  small  compared  with 
■^iie  case  containing  it. 

^V  Ai  to  the  ufLmc'S,  I  would  suggest,  for  the  benefit  of  the 
r  Nomenclature  Committee,  that  it  might  be  well  if  they  could 
F  settle  what  should  be  the  names  given  to  the  poles  or  plates  used 
'  in  an  accumulator.  The  difficulty  aiises  from  the  fact  that  the 
current  goes  both  ways  in  an  accumulator,  one  way  in  charging  and 
way  in  discharging ;  some  people  think  of  the  charging  and 
oth«ni  of  the  discharging,  and  therefore  the  names  are  alternated. 
I  am  not  sure  that  even  Faraday,  great  as  he  was  and  clever  as 
be  waa  even  in  suggesting  names,  was  particularly  happy  in  the 
es  "  anode  "  and  "  cathode,"  even  when  applied  to  voltameters. 
iupYJOse  that  these  names  were  suggested  to  him  bj  kw  u&\b% 
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the  old  form  of  voltameter,  a-  most  inconvenient  form,  in  which 
the  wire*  came  up  through  the  bottom,  so  that  the  current,  on 
entering  *'  came  up  "  and  on  leaving  "  went  down."  But  in  the 
modem  form  of  voltameter  the  wires  frequently  enter  by  the  top 
of  the  instrument,  so  that  the  current  goes  down  by  the  anode,  or 
"  up  road,""  and  up  by  the  cathode  or  "  down  road."  And  if  there 
be  this  difficulty  with  ordinary  voltameters,  how  much  greater 
must  the  difficulty  be  in  naming  the  terminals  of  accumulators 
in  connection  with  which  we  have  to  speak,  not  merely  of  the 
direction  of  the  charging  current  but  also  of  the  discharging. 
Probably  the  solution  will  be  fonnd  in  dropping  both  the  names 
anode  and  cathode,  and  probably  also  the  names  positive  aud 
negative,  and  in  suggesting  two  other  names  altogether,  one  of 
which  refers  to  the  one  plate  and  the  other  to  the  other  plate; 
the  plates  do  not  change,  and  therefore  if  we  have  a  definite  name 
for  each  plate  there  need  not  be  any  confusion  whether  we  be 
talking  of  charging  or  discharging. 

Mr.  D.  Fjtz-Gerald,  in  reply,  said :  The  most  imfwrtant  thing 
that  I  have  to  say  this  evening  is  to  correct  an  error  that  I  am 
told  I  unfortunately  made  at  the  end  of  my  paper.  I  referred  to 
the  weight  of  the  battery  boxes  (which  are  still  under  the  table) 
as  10  lbs.,  or  a  little  over  10  lbs.  I  meant  to  say,  double  that 
weight,  20  lbs.,  or  a  little  over. 

I  suppose  nobody  here  expects  that  I  should  answer  all  the 
points  of  interest,  or  even  a  large  percentage  of  the  points  of 
interest,  wtiich  have  been  brought  forward  in  this  discusgion. 
If  anybody  does,  he  will  certainly  be  disappointed.  I  feel  myself 
as  though  I  should  requu-e  about  three  days  to  take  in  everything 
that  has  been  said,  instead  of  being  in  a  position  to  refer  to  the 
points  of  interest  within  1 0  minutes  of  time. 

I  made  a  few  notes,  however,  in  relation  to  the  remarks  made 
at  the  last  meeting  by  Dr.  Gladstone  and  by  Mr.  Preece.  I  come 
to  the  conclusion  that  Dr.  Gladstone  and  myself  are  substantially 
in  agreement,  I  seem  to  have  misunderstood  the  meaning  of  the 
words  used  by  him,  "forms  an  almost  impermeable  coating 
between  it  (the  peroxide)  and  the  first  metallic  plate,"  and  in  my 
paper  I  admitted  that  the  clogging  up  of  the  interstices  in  the 


1887.] 


DISCUBBIOir. 


U7 


peroxide  might  be  benefidBl  in  reducing  the  local  action.  As  ".'i.?ji'*:i 
Dt,  Gladstone  has  said,  there  may  be  more  than  one  exxjlanatioD 
ef  the  phejiomtDa  observed,  and  I  think  we  may  sarely  conclude 
ibat,  in  the  case  of  peioside  elements  with  a  lead  Gup]>ort,  local 
action  ia  impeded,  when  the  ^leroxide  is  not  impemoiu  to  iha 
electrolyte,  by  the  formation  of  lead  sulphide  in  the  0];>emngs  or 
intereticGs  through  which  the  electrolyte  obtaiua  access  to  the 
lead  plate.  Or,  again,  local  action  may  be  impeded  (as  in  the 
Ottse  of  the  wonderful  Plante  cell  mentioned  by  Mr.  Barker,  and 
40  in  the  plan  advocated  by  Messrs.  Drake  and  tiorham)  by  the 
rormalion  of  a  very  imj>ervious  layer  of  the  peroxide. 

With  regard  to  another  matter,  I  think  we  may  safely  accept 

the  formula  of  Pr.  Wladatoue  and  Mr.  Tribe,  with  one  modification^ 

•0  the  electro-chemical  formula  representing  the  hiitial  action 

occorriog  in  the  discharge  of  a  lead  secondary  cell — the  action 

which  subsequently  becomes  complicated  by  another  or  others, 

as  yet  only  guessed  at,  which  have  the  effect  of  reducing  the 

^^LM  J<'.  of  cell.     The  modiUcation  in  the  formula  that  I  refer  to  is 

^^biat  of  taking  hydruted  sulphuric  acid,  insteud  of  water,  as  the 

^H^ectrolyte,  and  admitting  consequently  that  the  spongy  lead  of 

^Bbe  positive  element  enters  into  combination  directly,  instead  of 

indirectly,  with  the  acid  radical  SOj.     The  result  is  still  expressed 

fy  the  equation 
Pb  0,  +  2Hs  SO,  +  Pb  =  2Pb  SO,  +  211, 0. 
In  regard  to  the  remarks  made  by  Mr.  Preece.  I  fully 
nppreciate  the  importance,  theoretical  as  well  as  practical,  of 
careful  observations  with  the  hydrometer  and  the  voltameter 
sifflulUineously ;  although  the  former  instrument  has  not  been 
oftea  used  by  me  in  my  methods  of  investigation.  Such 
observations  indubitably  might  throw  light  on  some  of  the 
questions  which  I  have  suggested,  especially  on  the  question 
as  to  the  quantity  of  acid  which  enters  into  combination  with  the 
lead  st  the  peroxide  plate.  Mr.  Preece  intimated  that  a  more 
extended  experience  of  storage  cells  on  my  part  would  prove  to 
me  that  the  formation  of  while  sulphate — on  the  negative 
element  I  presume — is  a  necessity.     But,  aa  I  have  endeavoured 
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is  in  a  contrary  direction.  I  have  found  that  tbe  production  of 
"  white  sulphate  "  (non-conducting  or  unmixed  sulphate)  is  luol  a 
necessity.  I  have  charged  anil  recharged  sixty  or  eighty  times 
the  same  litlianode  elements,  and,  as  others  have  also  noticed, 
there  was  not  any  formation  of  this  non-conducting  sulphate. 

As  Professor  Silvanns  Thompson  has  pointed  out,  sulphate  ig 
undoubtedly  formed  in  the  plates,  and  it  can  be  dissolved  out ;  but 
it  is  produced  in  admixture  with  peroxide  of  lead,  so  that  the  plate 
never  loses  its  conductivity,  and  the  sulphate  is  in  a  condition  to 
be  readily  peroxydised  instead  of  being  in  compact  masses,  which, 
as  we  all  know,  are  extremely  difficult  to  perosydiae  or  to  reduce. 

I  do  not  think  I  have  any  observations  to  make  in  regard  to 
Professor  Forbes's  remarks. 

But  I  think  before  we  leave  I  ought  to  mention  a  point  as 
to  the  rate  of  discharge  of  the  lithanode  elements — namely,  that 
it  is  susceptible  of  being  varied  within  wide  limits. 

I  was  asked  whether  I  had  ever  discharged  the  plat«s  at  an 
extremely  low  rate :  1  really  cannot  say  that  I  have  done  so.  I 
have  almost  invariably  had  in  my  mind  the  necessity  for  dis- 
charging them  with  some  degree  of  rapidity,  but  still  with  a  degree 
of  rapidity  which  did  not  involve  a  large  exiienditure  in  platinum. 
According  to  the  conductivity  of  the  plates,  and  to  tbe  surface 
of  platinum  employed  in  establishing  the  contact,  so  will  the  rate 
of  discharge  that  is  economically  practicable  become  augmented. 

I  do  not  know  whether  I  have  correctly  apprehended  some  of 
the  statements  which  have  been  made  in  reference  to  the  E.P.S. 
cells ;  but  I  should  be  surprised  to  understand — to  have  it  brought 
home  to  me — that  either  the  storage  capacity  or  the  rat€  of  dis- 
charge of  any  other  battery  is  higher  than,  or  as  high  as,  those 
which  have  been  stated  by  Professor  Forbes  to  belong  to  the 
lithanode  battery. 

I  must  now  conclude  my  observations— perhaps  in  the  Journal 
of  the  Society  I  may  be  allowed  to  advert  to  some  of  tbe  other 
observations  which  have  been  made. 

A  hearty  vote  of  thanks  was  accorded  Mr.  Fitz-Gerald  for  his 
paper. 

The  meeting  then  adjourned  until  March  24tb. 
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The  One  Hundred  and  Sixty-fifth  Ordinary  General  Meeting  of 
the  Society  was  held  nt  the  Institution  of  Civil  Engineera, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
March  24th,  1887— Sir  Charles  T.  Bright,  M.  Inst.  C.E., 
President,  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  names  of  new  candidates  were  announced  and  ordered  to 
suspend  eel. 

The   following   transfers  were    announced    as    having    been 
approved  by  the  Council,  via. : — 

From  the  claes  of  Associates  to  that  of  Members — 

William  Lynd. 
Charles  Briglit. 
W.  H.  Snell. 
E.  Stallibrass. 

A  donation  to  the  Library  of  the  Society  was  announced  aa 
hariog  been  received  since  the  last  meeting  from  the  American 
Bell  Telephone  Company,  to  whom  the  thanks  of  the  meeting 
irete  unanimously  voted. 


I 

I 
I 
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The  Secretary  then  read  the  following  paper: — 

THE  RESISTANCE  OF  FAULTS  IN  SUBMARINE  CABLES. 
By  A.  E.  Kennelly,  Associate. 


Foremost  among  the   problems  which  occupy  the  attention 

and  tax  the  ingenuity  of  Tele  graph -Engineers  and  Electricians 

that  which  relates  to  the  measurement  of  the  resistance  in, 

[ind  up  to,  snch  faidts  as  may  develop  in  the  circuits  conveying 

their  currents ;  and  the  accuracy  with  which  this  measurement 

can  be  conducted  is  a  subject  of  great  technical,  and  frequently 

t  considerable  economic,  interest.      New  facts,  therefore,  which 
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methods  that  lend  aid  to  the  meas^orement  of  their  qnantitieE!, 
need  no  apology  for  their  preeentation  to  those  practically 
interested  in  telegraph  work.  It  is  with  the  view  and  in  the 
hope  of  aiding  in  both  those  directions  that  the  present  paper 
is  Bnbmitted  to  this  Society. 

Although  there  can  be  little  doubt  that  the  laws  which  are 
about  to  be  stated  control  all  faults  in  sea  water,  yet  their 
practical  appUcation  will  be  found  to  be  limited  to  large,  open 
exposures,  .such  as  occur  in  the  majority  of  cases  where  cables  are 
totally  broken.  On  this  account  we  shall  confine  our  attention  to 
"  total  breaks." 

Although  there  are  many  different  methods  in  use  for  the 
measurement  and  elimination  of  the  resistances  of  &ults,  or 
partial  earths,  in  cables,  there  has  been  up  to  the  present 
time  apparently  only  one  published  method  for  measuring  the 
resistance  which  the  broken  end  of  a  cable  offers,  and  that^due, 
we  think,  to  Mr.  H.  R.  Kempe — is  based  upon  the  measurement 
of  the  amount  of  discharge  from  the  cable  immediately  after  a 
balance  has  been  obtained  by  Wheatstone'a  bridge. 

The  diiBculty  which  is  so  frequently  met  in  executing  this 
teat  is  the  elimination  of  tiie  rapidly  falling  ]K>lari9Rtion  current 
from  the  first  throw  of  the  galvanometer  needle,  which  should 
register  discharge  only.  The  formulie  for  separating  the  effect* 
upon  a  galvanometer  needle,  of  a  steady  current  from  a  dis- 
charge current  combined,  are  published  in  the  Journals  of  the 
Society ;  but  when  the  polarisation  current  is  a  large  fraction  of 
the  discharge,  its  rapid  fall  in  intensity  still  further  complicates 
the  subject. 

The  course,  therefore,  almost  invariably  adopted  for  localising 
a  break  by  the  tests  from  one  end  of  the  cable  only  is,  as  we  all 
know,  to  reduce  the  break's  resistance  by  suitable  methods,  such 
as  Lumaden's,  to  an  apparent  practicable  minimum,  and  then  to 
estimate  the  value  of  this  minimum  from  the  general 
*'  behariour "  of  the  break,  i.e.,  its  variability  nnder  vatying 
testing  currents. 

In  practice,  the  most  common  minimum  resistance  of  a  break 
arrived  at  in  this  way  may  be  placed  between  10  u  and  40  w  ;  less 
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freqnently  beinreen  5  o>  and  75  to  ;  while  in  rare  cases  the  limits 
zero  and  in&mty  are  approached.  In  the  former  case  the 
conductor  is  in  firm  metallic  commanication  with  the  sheathing 
of  the  cable,  and  in  the  latter  the  end  of  the  conductor  is  so 
early  enveloped  by  its  gutta-percha  covering  that  the  hydrogen 
evolved  in  testing  completes  the  seal. 

Although  an  experienced  judgment  very  frequently  enablee 
observer  to  estimate  accurattly  the  resistance  of  a  break,  still 
not  only  is  this  a  very  unscientific  means  of  arriving  at  the 
result  in  the  present  condition  of  electrical  knowledge,  but 
occasionally  accidental  circumstances  may  interfere  with  the 
accuracy  of  these  estimates,  and  it  would  be  a  great  advantage 
gained  for  an  observer  if  he  were  enabled  to  bring  actual  meaenre- 
ment  as  a  check  upon  bis  judgment. 

Besides  the  above-mentioned  metliod  by  discharge  measure- 
ent,  various  expedients  appear  to  have  been  brought  forward  at 
Serent  times  with  the  object  of  eomiiaring  the  relative  varia^ 
in  resistance  that  different  breaks  exhibit  with  different 
ry  powers,  and  so  arriving  at  comparative  results  for  any 
given  break.  Mr.  Latimer  Clark  in  the  first  instance,  in  1862, 
and  Sir  Heoiy  Mauce  so  lately  as  May,  1884,  have  published 
tables  of  the  relative  resisiances  of  (hfferent  exposures,  under 
•.-ettain  conditions  of  electro-motive  force,  resistance,  and  time. 
In  feet,  formula  have  been  prepared  based  upon  such  experi- 
ments— notably,  we  believe,  by  Mr.  li.  K.  Winter  and  Mr.  B. 
■^mith.  It  is  probable  that  the  necessarily  empiric  character  of 
such  formula,  not  claiming  to  he  based  on  any  generally  recog- 
htsed  law  of  electricity,  has  stood  in  the  way  of  their  widtr 
aceeptation. 

Underlying  all  these  facts  there  seems  to  have  been  the  oou- 
sciousnesa  of  an  unexpressed  law.  It  has  long  been  known  that 
the  resistance  of  a  fault  diminishes  when  the  current-strength 
{lasiiing  through  it  increases,  so  long  as  the  exposed  surface  is 
maintauied  constant;  but  the  rate  of  the  diminution  for  a  given 
correot  increase  seema  to  have  hitherto  evaded  inquiry.  Still  it 
is  only  consistent  with  all  the  accepted  doctrines  of  energy  that 
the  rale  of  diminution  must  be  in  obedience  to  some  particular 
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mathematical  laws.  Id  fact,  Mr.  Latimer  Clark*s  words  may  be 
quoted  from  his  remarks  on  Sir  Henry  Mance's  paper  of  May, 
1884,  already  referred  to:  "There  evidently  is  a  law,  or  set  of 
laws,  ninning  through  the  figures,  which  could  be  put  into  the 
shape  of  formulae,  and  made  of  use  to  the  practical  electrician." 

The  results  of  a  series  of  experiments  extending  over  several 
months,  made  with  a  view  to  studying  the  rate  of  diminution  in 
resistance  for  increasing  current-strengths,  fieem  to  show  that  all 
faults  obey  two  simple,  mutually  supporting,  conjugate  laws, 
whose  eEFecta,  however,  in  practice  appear  to  be  greatly  masked 
and  encroached  upon  by  disturbing  influences  of  a  physical  nature. 
It  is  therefore  desirable  to  examine  the  subject  from  its  theo- 
retical aspect  at  first ;  and  when  the  truth  of  these  laws  is 
represented,  we  can  proceed  in  confidence  to  seek  how  &r  their 
operation  can  be  practically  depended  ux>on. 

The  two  taws  may  be  stated  thus  (they  refer  to  one  direction 
of  current  at  a  time  only):  — 

I.  When  the  exposed  area  is  constant,  the  current-strengths 

passing  through  the  exposure  are  inversely  propor- 
tional to  the  squares  of  the  resistances  which  the  ex- 
posure respectively  offers. 

II.  When  the  current-strength  passing  through  the  expo- 

sure is  oonstant,  the  areas  of  exposure  are  inversely 
proi<ortional  to  the  s(]uares  of  the  resistances  which  tha 
exposure  respectively  offers. 

These  are  laws  of  inverse  squares.  For  practical  purposes  the 
following  enunciation  in  terms  of  inverse  square  roots  is  pre- 
ferable : — 

I.  Tlie  resistances  of  a  constant  area  vary  inversely  as  the 

square  roots  of  the  current -strengths. 

II.  The  resistances  to  a  constant  current  vary  inversely  as 

the  square  roots  of  the  exposed  areas. 

So   that,  if  these  laws  are  true,  we  halve  the  resistance  of  an 
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exposure  either  by  quadrupling  the  strength  of  the  traversing 
cBrrent,  or,  if  the  current  remains  unaltered,  by  quadrupling  the 
exposed  area. 

It  is  easily  seen  that  the  demonstration  of  one  of  these  laws 
causes  the  truth  of  the  other  to  follow  as  a  corollary.  For 
assuming,  say,  the  first  law,  and  that  a  certain  exposed  surface 
(«)  offers  a  resistance  r  to  a  particular  current-strength  (c),  then 

when  another  cturent^  ~  (where  n  is  not  necessarily  nn  integer), 
passes  through  the  exposure,  its  resistance  becomes,  by  hypothesb, 

Now  suppose  that  the  original  current  c  is  maintained  unaltered, 
but  that  the  surfacB  of  exposure  8  is  altered  to  n  8  (where  the 
value  of  n  is  independent  of  that  assigned  in  the  previous  ex- 
pression), then    the  strength    of  current    passing  through   the 

exposure  per  area  8  has  changed  from  c  to    -,  and  we  have  seen 

n 

that  the  resistance  of  each  area  s  must  have  become  r^n  in 
consequence.  But  there  are  n  of  these  areas,  connected  together 
ID  multiple  arc,  and  their  combined  resistance — that  is,  the 
rengtance  of  the  whole  surface 

n  s  =  —^ — 
n 


The  form   of  this   equatioti   proves   that   the   resistance   varies 

—inversely  as  the  square  root  of  the  exposed  area — the  second  law. 

J^f    It  is  interesting  to  observe  that  among  all  the  functions  of  n 

bj  which  we  could  conceive  a  law  to  take  eefect,  the  square  root 

of  li  is  the  only  one  that  makes  the  two  laws  conjugate  as  above. 

For  suppose  it  were  found  to  be  true  by  experiment  that  the 

resistance   of  an   exposed   surface  did   not  vary  as  the  inverse 

square  roots,  but  as  the  inverse  cube  roots,  of  the  current  strengths 

traversing  it,  then  it  would  follow  that  with  a  constant  current 

the  resistance  of  an  exposure  would  vary  inversely,  not  as  the 

square  root  or  cube  root,  but  as  the  cube  root  squared,  of  the 

exposed  area. 
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For,  by  the  above  reasoning,  if  when  8  is  constant,  the  re- 

eistance  with  n  c  =  - .,  then  when  c  is  constant  the  resistance 

,  r  n*       r  , 

of  71 «  =     —  =  -ri  and  so  on. 
n        n* 

If  become?,  therefore,  only  necessary  to  confine  our  experi- 
ments to  the  measurement  of  the  resistances  offered  by  varying 
exposures  to  the  same  current  in  order  to  arrive  at  the  law  of 
the  resistances  offered  by  a  constant  exposure  to  varying  currents, 
and  perhaps  the  former  is  the  simpler  experimental  problem. 
But,  whichever  plan  is  followed,  the  great  source  of  error  and 
difficulty  in  making  these  experiments  is  fotmd,  as  might  be 
expected,  in  jjolariaation. 

It  interferes,  as  we  all  know,  in  three  ways — 1st,  mechanic- 
ally, because  when  either  gas  or  a.  metallic  salt  accumulates  on 
the  exposure,  the  area  exposed  to  free  liquid  contact  is  reduced 
to  an  extent  that  it  is  impossible  or  very  difficult  to  ascertain ; 
and,  electrically,  because  the  gas  generated  opposes  a  varying 
electro-motive  force  to  the  testing  current,  which  is  thus  altered 
from  the  strength  calculated  for,  and  the  exact  correction  is 
difficult  to  arrive  at ;  3rd,  elect.rically,  because  this  electro- 
motive force  of  polarisation  existing  in  the  circuit  whose  re- 
sistance is  to  be  measured  causes  a  large  error  to  be  made  in 
the  measurement,  and  owing  to  the  great  rapidity  with  which  it 
falls,  the  moment  the  testing  current  ceases,  the  exact  correction 
to  apply  is  difficult  to  obtain. 

Of  these  three  errors  the  last  is  generally  by  far  the  greatest, 
and  has  probably  been  chiefly  instrumental  in  enabling  the  laws 
of  fault  resistance  to  evade  exact  inquirj-. 

If  the  polarisation  electro-motive  force  were  constant,  or  if  it 
varied  at  any  known  rate,  it  would  of  course  be  readily  )>os9ible 
to  find  the  extent  of  the  third  error  in  any  given  balance  or 
measurement.  But  the  rate  at  which  it  falls  after  the  cessation 
of  the  testing  current  is  apparently  not  clearly  known,  and  woold 
seem  to  be  dependent  on  chemical  conditions,  the  elementfi  at 
the  charging  and  discharging  circuits,  and  time.  Professors 
Ajrtoa  and  Perry,  in  a  very  interesting  communication  to  thia 
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lefty's  Joornal  (Volume  v.),  have  recorded  observations  on  the 

sobject,  but  they  meDtion  that  during  the  first  few  aeconds  after 

le  removal  of  the  testing  current,  in  their  experiments,  the  fall 

of  polarisation  electro-motive  force  was  exceedingly  great,  and 

beyond    the    registering    capabilities    of    the    apparatus    they 

employed.     In  fact,  apart  from  all  electrical  fall  of  potential  by 

di^icharge,  if  this  polarisation  electro- motive  force  has  its  chief 

seat  in  the  contact  of  the   developing   gas   with   the   raetallie 

^jurface  of  exposure,  which  gas  is   continually   being  given  ofi" 

^Ktber  in  bubbles  or  in  solution,  then  on  the  cessation  of  the 

^Besting  current,  as  soon  as  the  gas  last  developed  has  had  time  to 

^^uit  the  surface  of  the  exposure— no  doubt  for  a  large  quantity  of 

it  only  a  very  brief  interval^the  electro-motive  force  due  to  the 

presence  of  that  gas  has  disappeared  from  the  circuit. 

kThe  following  experiment  will  show  how  greatly  the  interval 
time  between  the  cessation  of  the  testing  current  and  the 
Dvation  of  the  polarisation  electro-motive  force  for  correction, 
affects  the  results  obtained, 
^B  It  may  be  premised  that  all  the  measurements  in  this  paper 
^^8ve  been  taken  with  the  \Mieatstone's  bridge,  and  the 
corrections  for  the  third  polarisation  error  mentioned  above  have 
been  all  effected  by  reading  to  the  polarisation  current  as  zero,  or 
by  what  is  commonly  called  "  false-zero  "  reading. 





ExpeHment. 

From  a  sheet  of  tinned  iron  0-5  mm.  thick,  eight  plates  were 
.t,  each  approximately  15  cms.  X  ^  cms.,  with  a  copper  wire 
soldered  to  one  end.  They  were  then  immersed  in  salt  water,  by 
means  of  a  suitable  frame,  to  about  7  cms.  in  depth,  each  plate 
thna  exposing  about  28  sq.  cms.  of  surface  to  the  water. 

The  resistances  of  various  combinations  of  these  exposures 
»ere  then  measured  directly  by  Wheatstone'a  bridge,  with  a 
current  maintained  at  10  milUampSres  in  the  exposure  arm.  By 
means  of  a  metronome  striking  a  bell  at  one,  two,  or  more 
■iteconds,  the  time  intervals  were  appreciated  between  the 
cessation  of  the  testing  current  and  the  observation  of  the 
larisation  •'  false  zero." 
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The  table  shows  the  comparative  resistances  measured  in  this 
way,  the  zinc  pole  of  the  battery  being  to  bridge. 

TabU  I. 


74 

if|l. 

dumber  of  PUtoa  connocted  in  Panallel  Citvnlii 
and  Ibe  comapondlng  Ilaalstmn«  obHrrctd. 

13^1 

=1^ 

t 

2 
Ohnu, 

3 

t 

li 

e 

I 

S 

Mill), 
auiptrta 

Seconds. 

Olunl. 

Ohma, 

Ohma. 

Otima. 

Obuu. 

ObDU.IObma. 

I 

10 

... 

12-5 

U-1 

7-5 

G-3 

5-3 

fi-3 

49 

4'6 

0-714 

2 

1* 

1 

48 

43 

3!l-o 

3G 

33 

29 

2C 

22 

0T70 

3 

1- 

o 

55 

52 

48 

44-5 

3!1 

3*-5 

315 

28 

0T89 

1 

■  1 

3 

02 

57-3 

32*3 

45-5 

43 

41 

39 

3G-5 

0-826 

5 

<- 

4 

64-5 

Sfl'o 

G3 

49 

4G-G 

44-5 

42 

39 

0-84S 

6 

>» 

5 

66 

CI -5 

66 

52 

4S 

45-6 

43 

40-5 

0-842 

Here  the  apparent  resistance  of  exposures  with  1,  2,  3, .  .  .to 
8  plates — corresponding  to  about  28,  56,  84,  ...  to  224  square 
centimetres, — is  shown  in  respect  to  time.  Series  No.  1  is 
supposed  to  have  been  observed  at  an  exceedingly  small  interval 
after  the  cessation  of  the  battery  current,  in  a  manner  to  be 
presently  described.  It  may  be  called  the  series  at  0  seconds,  or 
the  series  taken  to  "  immediate  false  zero."  The  false  zero  so 
observed  would  therefore  be  the  correct  measure  of  the 
polarisation  electro-motive  force  during  the  last  flow  of  tlie 
testing  current,  and  consequently  the  observed  resistances  in  this 
series  No.  1  shoiild  be  the  actual  resistances  which  that  current 
encountered.  It  will  be  seen  that  the  results  obtained  in  this 
series  follow  the  law  of  inverse  square  roots  closely ;  that  is  to 
say,  the  resistance  is  approximately  reduced  one-half  by 
quadrupling  the  exposed  surface.  The  coefficient  of  resistance 
reduction  for  a  doubled  surface  by  inverse  square  roots    is  of 

course  — .  /  =  0-707,  and  the  mean  coefficient  in  this  observed 

series  is  O'l        G-3        5-3        4-6 

12-5   +  Fl  +  7"5  +  fr^  ^  ^.^^^^ 
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The  djEFerence  between  the  observed  and  calculated  ('<>efficients  is 
0O07,  or  about  1  per  cent.  This  discrepancy  may  be  accounted 
for  either  by  error  of  observation,  by  the  interval  of  time  between 
the  cessation  of  the  testing  current  and  the  false-zero  observation 
not  approaching  zero  closely  enough,  or  by  any  extraneous 
resistance  in  the  exposure  circuit  between  the  face  of  the  liquid 
envelope  and  earth.  The  last  two  sources  of  error  would 
iiie\'itably  increase  the  observed  coefficient. 

Series  No.  2  was  taken  with  a  false  zero,  observed  at  one 
aecond'g  interval  after  the  testing  current  ceased.  The  table 
■hows  that  the  balanced  resistances  have,  by  this  means  of 
observing,  risen  300  or  400  [ler  cent.  The  mean  coefficient  of 
lesistance  reduction  for  a  doubled  surface  is  now  O-TTO,  or  about 
10  per  cent,  more  than  the  law  of  inverse  square  roots  would 
Uttarnint. 

^T  Series  No,  3  was  observed  to  a  false  zero,  two  seconds  after 
the  cessation  of  the  battery  current.  The  obsen'ed  resistances 
are  now  400  or  500  per  cent,  above  the  corresponding  resistances 
in  series  No.  I,  and  the  mean  coefficient  for  doubled  surfaces  is 
now  apparently  0'789,  which  is  nearly  what  would  be  esjiected  if 
ihe  resistance  varied,  not   as   inverse  square   roots,  but  as  the 

inverse  cube  roots  of  the  exposed  surface,  namely,  -,/-„,  or  0-794. 

In  series  No.  4,  taken  to  a  false  zero  at  three  seconds,  the 
npfiarent  resistances  are  400  to  700  per  cent,  above  the  eorre- 
iponding  resistances  in  aeries  No.  1,  and  the  mean  coefficient  for 
iloubled  surfaces  appears  to  be  0"826. 

lu  series  No.  5,  taken  to  false  zero  at  four  seconds,  the 
difference  in  the  readings  from  the  corresponding  observations  in 
the  preceding  series  is  less  than  has  previously  been  the  case ; 
that  is  to  say,  the  fall  of  polarisation  electro-motive  force  rapidly 
slackens  after  three  seconds  have  elapsed  from  the  cessation  of 
the  teating  current.  The  mean  coefficient  for  doubled  surfaces 
now  appears  to  be  0-845,  or  abont  what  would  be  expected  from  a 

law  of  inverse  fourth  roots,  namely,  — —  or,  0-84 1 . 
The  same  remarks  ajqilj  to  series  No.  6. 
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In  the  tables  appended  to  Sit  Henry  Mance'a  fttpet  above 
mentioned,  appearing  in  Xo.  53  of  the  Society's  Joorual.  the 
observed  coefficient  for  doubled  surfaces  of  ejcposure  is  seen  to 
vary  between  0*80  and  0"95.  Tlie  current-strengths,  however,  do 
not  appear  to  have  been  constant  during  the  different  series,  ^o 
that  it  \e  difficult  to  establish  any  exact  line  of  comparison 
between  those  and  the  results  of  Table  L 

In  observing  such  a  series  as  No.  2,  when  for  a  particular 
exposure  a  balance  has  been  obtained,  we  notice,  on  releasing  the 
key  that,  apphes  the  testing  current,  that  the  galvanompt«r  spot 
takes  a  rapid  swing  in  the  direction  denoting  less  balancing  re- 
sistance required,  but  that  it  very  soon  stops  and  returns  along 
the  scale  with  great  but  diminishing  velocity. 

The  above  table  shows  the  effect  on  the  quantity  of  balancing 
resistance  brought  about  by  the  selection  as  zero  of  any  particular 
distance  in  time  along  the  spot*s  path.  Now,  if,  as  was  in  this 
eiperiment  obsen'ed,  there  is  no  appreciable  electrostatic  or 
electro-magnetic  capacity  in  any  of  the  arms  of  the  bridge  to  dis- 
turb the  galvanometer  on  opening  or  closing  the  battery  circuit, 
the  rush  of  the  spot,  in  the  tirst  direction  most  be  due  to  the 
]M)l3Tisatton  electro-motive  force  existing  in  the  es[K)sure  circuit 
during  the  last  moments  of  testing  current  flow,  and  consequently 
1  he  correct  position  of  the  spot  to  select  as  zero  is  that  [losition 
which  in  its  first  throw  it  endeavours  to  reach.  Accordingly,  in 
observing  series  No.  1,  the  balancing  resistance  was  reduced  step 
by  step  until  this  first  throw  was  so  far  diminished  as  to  be  no 
longer  appreciable.  So  rapid  is  this  first  throw  that  perhaps  the 
vanishing  limit  was  not  actually  attained,  and  the  resistances 
may  therefore  be  slightly  in  excess  of  their  true  values.  This 
may  account  for  tlie  slight  discrepancy  between  the  observed  and 
calculated  coefficients  already  mentioned. 

As  further  experimental  proof  of  the  law  of  inverse  uquare 
roots,  after  ehminating  the  effects  of  polarisation,  the  following 
experiment  may  be  added : — 


Experiment. 
E^gbt  goiden  coins  (sovereigns),  mechanically  cleangecl,  were 
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^^■unersed  in  sea  water.  BymeansQFasingletuniof  fine  insulated 
^^^pperwire,  bored  at  the  end  and  wound  round  the  milled  edge  oi- 
^Hie  coin,  electrical  communication  was  obtained.  The  resistances 
of  the  esjioBures  formed  by  the  surface  of  these  coins  were  then 
measured  to  immediate  false  zero,  in  their  different  combinations, 
as  in  aeries  Xo.  1  of  the  preeediag  table.  The  current  in  the 
eipoaure  circuit  was  maintained  apjiros.imiil.ely  constant  at  10 
milliamperes,  the  zinc  pole  of  the  battery  being  to  bridge.  The 
following  table  showd  the  resistances  observed,  the  lines  indicating 
the  coins  that  were  connected  in  multiple  arc  for  each  respective 
observation.  It  will  be  seen  that  the  resistances  fell  slightly 
during  the  course  of  the  experiment,  which  commenced  with  the 
reading  at  the  upper  left-hand  side,  and  ended  with  the  reading 
at  the  lower  right-hand  side  of  the  table. 
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Cain 


Cain  Ooin 

So.  B.       No.  4. 


OQln  Cola 

Na.  E.       Ko.  0, 


Cols  Ooln 

Ito.  T.       So.  8. 


Coin 


Cola 


Coin 


Coin 


Mel.       So.  I.       Vo.X        Ko.4. 


Coin 
Ka.  1. 


Coin  Coin         Cola 

Ito,  S.        Sa.7.       Sq.ft. 
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These  observations  may  be  classified  as  follow : — 
M»na  resistance  of  exposares  gingly        from  16  readings 
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2  at  a  time 
8         „ 
4         „ 
6         „ 
8 


8 
4 

4 
2 
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Ohm*. 
14-64 

10-28 

S-50 

7-18 

5-75 

6-10 


n 

n 

M 

n 

)> 

t$ 

» 

n 

Obau. 
10-35 

8-45 

7-32 

5-98 

5-18 


From  t4'fi4,lhe  mean  resistance  singly,  and  the  law  of  inverse 
E<]Uar(>  roots  we  have — 

Mean  resistance  calculated  of  exposures  2  at  a  time 

3         „ 

4 
6 

The  diaoreijancies  between  the  actually  observed  and  the 
calculated  results  an-  thus  all  less  than  a  quarter  of  an  ohm,  and 
if,  the  law  being  assumed,  the  mean  readings  are  corrected  to  it 
iiiiitead  of  to  the  arithmetical  mean,  the  discrepancies  are  stiU 
less. 

The  admission  of  the  trath  of  this  law  for  varying  exposures 
and  constant  current  makes,  as  we  have  already  seen,  the  same 
admission  necessary  for  the  law  with  varying  currents  and  a  con- 
stant exposure,  and  hence  the  latter  must  hold  good  for  all  faults. 
But  where  the  exposed  surface  is  very  small  the  products  of 
electrolysis,  not  finding  a  clear  path  for  free  discbarge,  reduce  the 
area  of  ex^wsure  iji  a  variable  manner,  so  that  for  such  faults  it  is 
not  to  be  expected  that  their  reaiBtances  will  obey  the  law.  For 
suppose  a  constant  difference  of  potentials  to  be  maintained 
between  the  end  of  a  cable  that  has  a  small  fault  and  earth,  thp 
firat  current  which  8ows  tlirough  the  exposure  may  be  in  accord- 
ance with  the  law.     The  accumulating  and  partially  imprisoned 

Bs  or  salts  develojicd  by  electrolysis  soon,  however,  reduce  the 

tnal  area  of  liquid  contact,  and  the  resistance,  we  may  suppose* 

rise  proiwrtionally  to  the  square  root  of  this  reduction  of  area 

raelv.    This  increased  resistance  will  in  its  turn  diminish  the 

'irrcai,  thus  tending  to  alter  the  electrolytic  dcveloji- 
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ment,  and  ao  a  continual  readjustment  and  variation  goes  on  in 
the  observed  resislunue.  When,  however,  the  exposed  Burface  is 
of  such  dimensions  that  the  gases  developed  are  readily  dis- 
engaged, and  do  not  accumulate,  we  may  expect  the  observed 
resistances  to  fall  within  the  law.  TJiis  is,  fortunately,  the  case 
in  the  majority  of  eiposures  that  broken  cables  offer. 

Taming  now  to  the  practical  view  of  the  subject,  it  may  well 
be  urged  that  it  is  impossible  to  arrive  at  the  true  resistance  of 
the  exposure  with  a  broken  cable  by  observing  to  immediate  false 
zero,  on  account  of  the  electrostatic  discharge  &oui  the  cable  at 
the  moment  of  interrupting  the  testing  current;  and  since  the 
apparent  resistance  of  a  fault  measured  to  a  false  zero  after  one 
or  more  seconds'  interval  appears  to  follow  a  doubtful  and  com- 
plicated law,  the  knowledge  of  the  actual  law  of  inverse  Bquare 
root«,  though  scientifically  interesting  in  itself,  would  lead  to 
Tery  little  practical  success  in  fault  localisation. 
I  Although  the  force  of  this  objection  cannot  be  denied,  still  it 
would  appear  in  practice  that  for  feeble  currents— that  is  to  say, 
testing  currents  below  25  mitliamp^res — the  obser\'ed  resistances 
do  not  seriously  diverge  from  the  law,  except,  perhaps,  where  the 
length  of  cable  between  the  observer  and  the  break  is  very  short; 
and  that,  consequently,  by  observing  the  resistances  with  definite 
carrent-strengtliB  the  actual  resistance  of  the  break  can  be 
determined. 

This  is  the  more  fortunate,  since  if  the  law  were  found  to  be 
followed  by  strong  rather  than  by  weak  currents  its  efficacy  would 
be  limited  to  breaks  comparatively  close  to  the  testing  station. 
For  instance,  with  a  battery  power  whose  electro-motive  force  is 
60  volts  and  internal  resistance  100  ohms,  an  observer  using  a 
Wheatstone's  bridge  with  a  ratio  of  lOOw:  l,000o>ean  force  25 
tnilUamperes  through  a  break  oflering  oOw  when  it  is  1,740  a 
distant  from  him ;  while  with  the  same  connections  he  could  not 
force  200  milliampeies  through  the  break  further  than  30 a  from 
Lim,  even  if  it  only  offered  10  w  resistance  at  the  time. 

The  following  tables  are  copies  of  the  results  obtained  with 
actual  breaks,  during  the  last  six  months,  in  the  cables  of  the 
Eastern  Telegraph  Company,  by  whose  permission  they  aie  ■^XaoeA. 
i-oi.,xfr.  16 
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before  the  Society.  In  all  these  observatioiu  the  law  is  sab- 
mitted  to  a  crucial  examination,  because  the  readings  are  here 
given  just  as  they  were  obtained,  and  before  the  reaistanceB  of 
the  various  faults  were  at  all  accurately  known.  It  waa  only  in 
the  last  case,  illustrated  at  Table  VI.,  that  the  law  was  bo  far 
relied  upon  from  previous  experience  as  to  assist  the  judgment 
in  assigning  the  position  of  the  break.  In  all  but  this  last  case 
the  correct  distances  and  resistances  of  the  breaks  were  ascer- 
tained from  tests  on  board  the  repairing  ship  that  recovered  the 
broken  ends.  All  the  readings  were  taken  by  bridge  to  a  &lse 
zero  on  a  rather  dead-beat  galvanometer  as  soon  after  the  cessa- 
tion of  the  battety  current  and  the  discharge  firom  the  cable  as 
possible — generally  between  one  and  two  seconds'  interval. 

TabU  III. 
Bboken  Cable  No.  1. 


I. 

Vambnot 

UUllBmphu  in 

Tutlng  Cumnt 

paadng-  tbroagh 

tha  Bmk. 

Zlno  to  Line. 

II. 

OorrMpondlne 

HMlttanco  of 

Cable  &nd  Break 

in. 

Dletancs  of 

Break  afl 
ftQbFftqnently 
da(£rmli]o<L 

IV. 

ConMqamt 

BeiLatanoe  of 

Bnak 

uobearTBd. 

V. 

OUaalaMd 

BntMancgaf 
Break  from 

No.  i  qn   law  of 

iDiena  cqnkra 
nwu. 

/ 

I 

a 

3 

4 

6 

6 

7 

8 

9 

10 

U 

12 

13 

U 

16 

16 

Otuni. 
860 
800 
760 
730 
712 
706 
700 
695 
690 
G86 
680 
676 
672 
609 
66G-6 
6G6 

Ohml. 
698-6 

Ohmi. 

2G1-4 

201-4 

161-4 

181-4 

118-4 

106-4 

101-4 

!)6-4 

91-4 

S6'4 

81-4 

76-4 

73-4 

70-4 

67-9 

66-4 

Ohnu, 
262-8 
186-8 
161-7 

117-C 
107-3 
99-3 
92-9 
88'G 
83-1 
79-a 
7B-9 
72-9 
68-6 
67-9 
66-7 

I887J 
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The  lowest  resistance  that  could  be  obtained  by  Lumsden's 
method  was  630  ta  at  18*5  milliampdreB  throngh  the  break,  corre- 

TabU  IV. 
Bboken  Cable  No.  2. 


I. 

II. 

m. 

IV. 

V. 

BtMDstliatTnt. 

tDKCnrrmt. 
!lBmb«r  of  Umi. 
imptni  throngli 

Break , 

ipp  rrrlmitfllji 

Ztao  to  Llav. 

OomlpondliiK 

RarditaDMof 

Oablii  and  Break 

obMrTKl. 

Ajitoa]  DtiMnoa 
of  Brrakaa 
■abBBqaently 
dlXMrmd. 

DonKqattnt 
Bnak 

CklonlatadBHlrt- 

■hm  of  BiMk 

fioiD  Snt  otam- 

Tstlon  with* 

mmiaiapteBi 

•qauannti. 

Otuu. 

Ohma. 

4)^mt 

Ohgw. 

4 

2S0 

144 

86 

..• 

6 

220 

-•' 

76 

76-9 

6 

216 

•.. 

71 

70-a 

7 

SIO 

.•• 

66 

66 -0 

8 

205 

... 

61 

62-2 

9 

200 

.» 

66 

S7-S 

10 

19C 

... 

52 

64-4 

11 

183 

■*• 

49 

51-9 

12 

190 

>•• 

46 

49*7 

14 

188 

•  •a 

44 

46-0 

15 

187 

... 

48 

44-4 

16 

186 

>■• 

49 

48-0 

18 

183 

•  ■• 

39 

40-6 

20 

181 

■  •• 

37 

88-4 

25 

178 

-»* 

84 

34-4 

30 

176 

.. 

32 

81-4 

se 

178 

... 

81 

291 

40 

174 

... 

SO 

27-3 

46 

173 

>.. 

29 

26-6 

£0 

171 

... 

27 

24-8 

es 

170 

... 

26 

28'2 

eo 

169 

..* 

25 

22-2 

«c 

168 

24 

21-3 

70 

107-6 

... 

28-6 

20-6 

BO 

IC6-6 

... 

22-6 

19-2 

90 

166-6 

.1. 

21-6 

lfl-1 

100 

166 



21 

17-2 

140 

1G3-6 

... 

19-S 

14-6 

\ 

li 
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spending  to  what  might  have  heen  expected  from  the  above  seriea 
at  about  70  miltiamp^res.  The  allowance  for  the  break  then 
made  was  30  o),  so  that  the  estimated  distance  of  the  break  was 
600  (u.  The  close  agreement  between  the  figures  of  the  two  last 
columns  is  very  striking,  eapecially  as  the  law  was  not  known 
when  the  observations  in  column  I.  were  made.  In  column  T. 
the  results  are  calculated  from  reading  No.  4,  the  geometrical 
mean.  The  length  of  conductor  exposed  was  found,  on  picl 
up  the  broken  end,  to  be  about  i  inch. 

On  the  recovery  of  the  broken  end  by  the  repairing  ahip,  th~ 
length  of  conductor  exposed   was  found   to   be  0*9  cms,      Tt 
Lumsden  minimum  was  157  w  with  150  milliampdres. 

By  comparing  columns  IV.  and  V.  in  Table  IV.  it  will  be 
seen  that  for  current-strengths  greater  than  25  mitliamp^res  the 
observed  resistances  of  the  break  begin  to  depart  from  the  law, 
owing,  no  doubt,  to  the  necessary  loss  of  time  in  false-zero 
reading. 

For  instance,  before  25  milbampSres  are  reached. 
The  obser\-ed  resistance  of  the  break  being  86  to  at    4  milliampSr 
ought  by  the  law  to  fall  to  43  a>  at  16 

and  by  column  IV.  apparently  did  so     at  15 
Also,  the  resistance  of  the  break  being      76  m  at    5 
ought  by  the  law  to  full  to  38  w  at  20 

and  apparently  did  so  at  19 

But  after  passing  the  range  of  25  milliamperes. 
The  resistance  of  the  break  being  39  to  at  18 

ought  by  the  law  to  fall  to  19*5  ta  at  72  „ 

but  it  apparently  did  not  fall  to  19"5  w  until  140      „ 

In  the  following  case  the  result  is  not  quite  so  accurate ; 
the  two  preceding.  The  cause  of  this  may  perhaps  be  accounted 
for  later  on.  By  the  application  of  the  law,  however,  to  the 
resistances  observed  with  currents  below  25  milliamperes,  tb^ 
calculated  distance  of  the  break  is  only  2-5  a>  from  the 
position.  The  Lumsden  minimum  was  32  w  at  about 
railliampSres. 
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Toife  V. 
Bboexet  CiSLa  No.  3. 


I. 

n. 

IIL 

IV. 

V, 

Tatting  Cmrnii 
thiOQvli  BiHk. 
ULllismpbrH, 
Ziua  to  laiiiB. 

R«Hiitvioii  ab- 
HtT«d,  Gabla 
and  Bttnik. 

DUUnoBof 

Break  lubie. 

qaentl]'  kngwn. 

OoniBqiuBt 

BMlnuiccot 

BnakabMrred. 

OklOBlBtadBMliU 
uusBot  Break 

fnjXD  fiirt 
otaoTstkn. 

OllDU. 

Ohuki. 

Ohm*. 

Ohm*. 

s 

71 

S2 

49 

•*« 

10 

60 

— 

RS 

84-7 

15 

56 

... 

SS 

38-S 

SO 

60 

... 

28 

24-6 

35 

46 

••• 

24 

ai-t 

30 

4S 

... 

21 

20-0 

35 

41 

... 

19 

18-fi 

W 

40 

18 

17-4 

a 

39 

... 

17 

168 

so 

SS'G 

... 

16-6 

156 

66 

38 

... 

IS 

14-8 

60 

87-5 

... 

15-5 

14-2 

TO 

30-5 

... 

14-6 

18-1 

SO 

36-7 

... 

13-7 

12-8 

90 

35-1 

... 

18-1 

11-7 

100 

34-8 

... 

12-8 

10-9 

120 

84 

... 

12 

10-0 

140 

88-8 

U-8 

9-3 

160 

33 

... 

II 

8-7 

180 

82-6 

... 

10-6 

8-1 

SCO 

8S-2 

... 

10-2 

7-7 

Here  again,  before  25  milliampdres, 
The  reaistaiice  of  the  break  wae  observed  to  be  49  u  at     5  m-ampe., 
and  by  the  law  should  &11  to  bal^  24-5  ra  at  20        „ 
apparently  doing  so  at  24        „ 

Beyond  25  milliamp^reB, 
The  resistance  of  the  break  was  observed  to  be  21 «  at    30       „ 
and  by  the  law  should  fall  to  10*5  m  at  120        „ 

apparently  doin^r  bo  at,  \ftO        „ 


tu 
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Table  VL 
Broker  Cable  No.  4. 


CHAr.M 


L 

n. 

ni. 

IV. 

V. 

TmUw  OsnMit. 
ZlBDM  Una. 

ObMrrcd  Bs^t. 

anea  of  0>bla 

KaUnwMd 

DUtanM  of 

Bnak. 

OonaaqnaBt 

BMliUneaof 

Bnak  (AaBTTad. 

(WenUted  Ba. 

■UUnOB  of  Bn> 

from  obMrratli 

wt(h4mllll. 

ampkn*. 

fffllW, 

Obma, 

Ohms. 

1 

1,888-3 

1,778 

110-3 

90-2 

S 

1,888-2 

... 

65-2 

63-6 

8 

1,828-2 

... 

60-3 

821 

4 

1,828-1 

•■• 

46-1 

£ 

1,118-1 

.■• 

40-1 

40-8 

6 

1,818-1 

... 

SG-1 

se-9 

7 

1,811-1 

*.. 

88-1 

3+1 

8 

1,609-1 

... 

81-1 

81-9 

9 

1,807-1 

... 

29-1 

80-0 

10 

1,806-1 

... 

37-1 

28-5 

11 

1,804-1 

... 

26-1 

27-2 

12 

1,B0S'I 

... 

261 

2e-o 

U 

1,802 

•■. 

24 

36-0 

U 

1,801 

... 

2S 

24-1 

16 

1,801 

... 

23 

23-3 

16 

1.800 

... 

22 

22-6 

17 

1,799-5 

21-5 

21-9 

16 

1,799 

21 

21-3 

19 

1,799 

... 

21 

20*7 

20 

l,79S-5 

... 

206 

20-2 

SI 

1,798-6 

-.. 

20-5 

I9-I 

S2 

1,798 

... 

20 

19-2 

23 

1,797-5 

... 

19-5 

18-8 

24 

1,797 

... 

19 

18-5 

The  actual  distance  of  this  break  was  not  determined,  but  i 
estimated  distance,  1,778  a,  laiist  have  been  very  near  the  tru 
the  Lumaden  mioimiun  being  1,783  a  at  27  milliampgreB, 

The  preceding  tables  seem  to  show  that  when  the  resistai 
o/a  break  is  steady  for  a  particular  steady  cuirent  traversing 
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[of  less  th&D  25  milliamp^reB,  the  resiataaces  it  offers  follow  the 
law  of  inverse  square  roots  of  the  cuirent-streDgtha  with  sufficient 
accuracy  for  the  purposes  of  measurement.     The  question  that 

[next  arises  is  how  this  measurement  can  he  best  effected. 

Two  methods  suggest  themselves — one  by  deflections  on  a 
galranometer  placed  between  the  cable  and  battery,  the  said  de- 
flections being  reproduced  artificially;  the  other  by  Wheatatone's 
bridge.       The  bridge    is   perhaps  the    better   means,   because, 

I  although  there  is  more  trouble  in  arithmetically  determining 
the  proper  testing  current-strength  a,  still,  with  a  dead-beat 
galvanometer,  the  false  zero  can  generally  be  observed  more 
quickly  after  the  cessation  of  the  testing  current  than  in  the 
deflection  method.  This,  however,  may  be  only  a  matter  of 
opinion ;  but  as  all  the  observations  in  this  [japer  have  been  by 
bridge,  it  will  be  better  to  here  examine  the  bridge  method  only. 


I 


A  cable  of  resistance  R  has  its  broken  end  offering  a  resistance  /, 
The  Bum  of  these  two — that  is,  the  resistance  observed  with  any 
given  current— is  represented  byai.    The  arms  of  the  bridge  are  ft 

and  a^;  so  that  a  ia  generally  unity,  10,  or  100.  The  testing 
battery  has  an  electro-motive  force  E,  and  an  internal  resistance  b. 
Between  it  and  earth  an  adjustable  reaistance  {p)  is  inserted,  by 
which  the  strength  of  the  current  pi^aing  through  /  can  be 
adjusted.  It  is  better  to  add  a  resistance  r  to  the  circuit  of  the 
galvanometer  if  the  latter  be  too  senaltive,  as,  if  balance  be  not 
attained,  a  shunt  facihtates  the  increase  or  decrease  of  ourxent  to 
line  beyond  what  is  calculated  for. 

When  balance  ia  obtained,  neglecting  the  electro-motive 
force  due  to  earth  current  or  polarisation  in  the  cable,  the 
strength  of  the  current  leaving  the  battery  is 

E 


+  6  + 


g  (^  +  a;)' 

a  -I-  I 
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Of  this  current  the  proportion  going  to  Une  is 

o 

so  that  the  cuirent  through  the  break  is 

Ea 

(a  +  l)(i>  +  b)  +  a{f*  +  x) 
In  order  that  this  current  may  be  exactly  n  milliampdres  this 

expression  most  equal  ttu^  > 

from  which  p= lb  +  ■■  -^  )  —  «{-■   ,■■■,)• 

On  the  right-hand  side  of  this  equation  x  and  n  are  the  only 
variables ;  so  that  for  a  given  battery  and  bridge  ratio  the 
ntuuerator  of  the  first  term,  the  whole  second  term,  and  the 
fractional  part  of  the  third  term  are  constants.  Wheo  the  arms 
of  the  bridge  are  equal  a  =  \,  and  the  equation  becomes 

500  E      r,   .  it\      X 

When  the  arms  of  the  bridge  are  in  the  ratio  of  10,  with  the  lesser 

on  the  line  side,  a  =  10,  and 

909  E 
P  = 


'9_E  _  (6  +  lOM  _  i^« 
n  \  11/11 


The  modus  operandi  is  therefore  as  follows  j— 
Measure  E  in  volts  and  b  in  ohms. 
Fix  upon  tbe  bridge  ratio  to  be  adopted. 
If  100  w  to  1,000  a  is  preferred,  a  =  10  and  /t  =  100. 
Find  909  X  E. 

Divide  this  constant  by  the  numbers  of  milliampSres  that 
are  to  be  forced  through  the  break ;  that  is,  divide  by 
1,  2,  3,  .  .  .  successively,  up  to  25. 
From  all  the  quotients  subtract  the  constant 

{b  +  '-^t)  =  (6  +  91). 

The  differences  remaining  will  be  the  values  to  give  p  in 

10  X 
succession,  after    -  -  (or,  if  x  be  not  large,  x  itself) 

has  been  subtracted  from  them  in  turn. 
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Inasmuch  as  there  will  always  be  some  polaripation,  electro- 
motive force,  or  earth  current  in  the  line,  the  actual  cmrent- 
irtrength  through  the  break  will  not  be  exactly  the  amount 
calculated— generally  less,  in  spite  of  reading  to  false  zero. 
The  best  way  to  obviate  thia  source  of  error,  is  to  make  E  a^ 
large  as  is  convenient.  For  instance,  if  E  be  100  volts,  the 
enrrent-strengths  through  the  break  will  probably  be  correct  to 
3  per  cent.  A  correction  is,  howe\er,  given  at  Appendix  II. 
One  direction  of  current  only  must  be  adhered  to  throughout  the 
feries,  and  it  is  better  to  use  the  zinc  pole  to  bne,  as  the  hydrogen 
»  developed  on  the  exposure,  enters  into  no  chemical  combina- 
tion, and  if  freely  discharged  keeps  its  surface  clean  and  uniform. 

When  a  series  of  resistances  has  been  observed  in  this  way, 
the  deduction  of  the  break's  resistance  is  a  simple  matter. 

It  is  best  to  take  an  odd  number  of  the  readings  in  the 
neighbourhood  of  4  milliampdres,  and  the  corresponding  quad- 
ruples— say  3,  4,  and  5,  with  12,  16,  and  20  milliamperes. 

For  instance,  in  the  last  table  the  resistance  observed 

at  3  milliamp^res  was  1,82S'3  « 

And  the  resistance  observed  at  12  miUiampfirea  was         1,803-1  oi 


Now,  by  the  law,  the  difference  between  these  must        25*1  &) 
be  half  the  resistance  the  break  offered  at  3  milliam- 
piTee,  and  consequently  the  whole  resistance  it  offers 

St  12  milliamp^res.  

Subtracting  again,  therefore,  the  distance  of  the  break  =  1,778  a 

Again,  the  resistance  at 

4  milUarop^res  was    1,823'1  a   and  at  5  milliampdres  1,818*1  a> 
Agaid,  the  resistance  at 

letnilliampireswas     1,800  u        „     20  „  l,798*5w 


■',  the  resiettmce  of  the 
break  at  16  mas.  was     23*1  o> 


20 


.  the  distance  of  the 

break  =  1,776*9  oi 


and 


19*6  <k> 


=  1,778-9  w 


The  mean  distance  of  the  break,  from  these  three,  =  um-^wi 
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From  this  method  of  cslcalstion  it  follows  that  more  care  is- 
required  for  the  observation  of  the  quadruple  than  of  the  first 
cnrreot.  For  if  the  error  in  obaerving  the  resistance  with  a 
correat  c  be  a  ohms,  the  error  so  produced  in  the  resnlt  is  a- 
ohms ;  bnt  the  same  error,  a,  in  obaerving  the  resistance  with  4  e 
will  prodace  an  error  in  the  result,  of  2  a. 

Calculated  in  this  way, 
l^ble  V.  from  5  and  10  miUismpdres  makes  the  break's  distance 

24-5  a  instead  of  22  w. 
Table  IV.  from  4  and  5  milliampdres  makes  the  break's  distance 

142  <u  instead  of  144  ». 
Table  III.  from  3  and  4  milLiamp^res  makes  the  break's  distance 
600  a  instead  of  598-6  at. 

The  greatest  error  in  the  calculated  distances  of  these  three- 
breaks  would  only  have  been  2*£  a. 

TabU  VII. 

To  further  illustrate  the  method,  the  complete  operations  for 
arriving  at  the  results  given  in  Table  VI.  may  be  admitted. 

Batter;,  38  LeclanchS  cells  (52-344  volts  and  70  ta  internal 
resistance).     Bridge,  100  to  :  1,000  u.     Formula — 


P  =  909-1  -  52-344  _  f  70  +  1?  X  lOOl  -  1!^ 
n  \  11  /         11 

47,585                                                   10  X 
—«--         -  160  JJ-. 

Columns  I.,  II.,  and  III,  are  prepared  before  the  test  is  taken.. 
For  the  firist  few  observations  preliminary  approximations  to  the 

value  of  p  have  generally  to  be  made  as  the  term  -z-r-  is  not 

known ;  but  after  one  or  two  readings,  the  rate  of  change  in  x  is 
soon  detected,  and  the  right  value  of  p  can  be  inserted  by 
inspection. 

With  the  battery  and  bridge  ratio  employed  it  was  evidently 
impossible  to  push  the  readings  beyond  26  miiliampdres. 

The  criterion  of  a  good  series  is  the  closeness  of  its  leadings^ 
to  those  of  A  second  or  repetition  series  respectively. 
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Ohmi. 

Ohiiu. 

Ohms. 

Ohmfl. 

Ohnui. 

1 

17,S86 

17,135 

i6,000 

1,900 

1,736 

15,700 

l,8B8-a 

S 

28,793 

38,682 

31.900 

1.850 

1,682 

31,950 

1,833-2 

a 

1536! 

1S.703 

11,000 

1,828 

1,062 

11,040 

1,838-2 

i 

113DG 

11.73(J 

.- 

... 

1,667 

10,0S0 

1,828-1 

6 

9,517 

9,567 

.•■ 

... 

1,663 

T,700 

1,818-1 

G 

7,»3I 

7,771 

— 

... 

1,647 

6,130 

1,813-1 

T 

6.798 

0.688 

..• 

... 

1,616 

1,990 

I.BIl-1 

S 

5,MB 

6,788 

... 

1,615 

^110 

1,8091 

9 

5,387 

6,127 

... 

... 

1,613 

3,480 

1,8071 

10 

4,769 

1,699 

... 

1,613 

2,960 

1,805-1 

11 

1.326 

4,ii;o 

... 

... 

1,610 

2,530 

1,801-1 

1! 

1I,U0G 

3.800 

... 

... 

1.639 

2,170 

1,803-1 

IS 

8,I1G0 

3,.XK1 

... 

... 

1,638 

1,860 

1,803 

11 

8,399 

3,33!l 

... 

... 

1,037 

1.600 

1,801 

16 

3.172 

3.013 

... 

... 

1,037 

1,375 

1,801 

16 

2.974 

2,811 

... 

... 

1,636 

1,180 

1,800 

17 

a,799 

a.639 

... 

... 

l,fi36 

1,0()0 

l,71l9-5 

IS 

2,013 

2,183 

... 

... 

1,636 

617 

1,799 

19 

2.301 

2,814 

... 

.. 

1,636 

708 

1,799 

SO 

3,870 

2,:!19 

... 

1,635 

681 

1,798-6 

SI 

2,260 

3,10(; 

... 

1,035 

171 

1,798-6 

!S 

2,163 

3.003 

... 

1,631 

369 

1,793 

23 

2/N!9 

I.WTJ 

... 

... 

1,634 

375 

1,797-6 

H 

1,983 

1,833 

... 

... 

1,684 

188 

1,707 

K5 

1,1108 

1,713 

wm 

1,634 

109 

1,707 

mi 

IfiSO 

1,'170 

... 

... 

1,638 

37 

... 

27 

1,782 

1,002 

... 

... 

1,633 

... 

For  the  fature,  we  may  well  entertain  the  hope  that  the  law 
ay  eqaally  be  found  to  apply  to  results  obtained  by  the  deflec- 
tion  method  of  measurement.     If  bo,  scarcely  any  calculation 
J  Bold  be  needed ;  for  so  long  as  the  currents  sent  from  the  battery 
0  not  exceed  25  milllampSrea  the  resistances  of  tte  bie&k  'SQulLii 
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be  in  proportion  to  the  square  roots,  inversely,  of  the  obeerved 

deflections  from  the  true  scale  zero,  while  the  artificially 
reproduced  deflections  woold  be  adjusted  lo  the  polarisation  or 
false  zero  only.  It  would  therefore  be  merely  necessary  to  adjust 
p  so  as  to  obtain  convenient  deflections  from  true  zero  and  their 
quadruples,  theo  observing  the  false  zero  as  soon  as  possible  in 
eacli  case,  to  reproduce  by  resistance  the  deflection  from  that 
false  zero.  The  absolute  current-strengths  through  the  break 
would  not  be  of  consequence. 

It  may  also  be  possible  to  extend  the  range  of  current- 
strengtltH  that  we  can  employ  hy  eiqierim  en  tally  arriving  at  an 
empiric  Beries  of  currents  above  25  milliampdres  for  whose 
components,  and  for  a  particular  interval  of  false-zero  reading, 
the  rate  of  diminution  in  the  break  resistance  will  be  determinable. 

'\\'hen  a  break  is  stated  to  have  a  certain  resistance,  it  is 
generally  uuderetood  that  the  resistance  named  is  the  estimated 
minimum  which  Lumaden's  treatment  with  the  [jarticular 
battery  and  connections  employed,  will  produce.  But  if  the 
exposure  allows  free  discharge  of  gases,  it  is  certain  that  under 
conditions  which  would  force  stronger  currents  through  the 
break, this  minimum  would  be  still  fm'ther  reduced;  and  it  is 
probable  that  this  Lumsden's  rainimum,  obtained  at  a  time  when 
the  surface  of  the  exposure  is  assumed  to  be  free  from  gas  or  salts, 
corresponds  to  what  would  be  obtained  with  a  zinc  to  Ime  series 
such  as  has  been  described,  at  the  same  current-strength,  if 
it  were  possible  to  read  to  immediate  false  zero.  Consequently, 
in  order  to  convey  an  accurate  or  comparative  idea  of  a  break's 
resistance,  it  is  necessary  to  mention  the  current-strength  at 
which  it  was  observed,  and  whether  in  a  series,  to  a  particular 
inten'al  of  false  zero,  or  by  Lumsden's  method. 

We  may  also  hope,  by  collecting  observations  with  broken 
cables,  to  predict  for  any  given  series  observed,  the  length  of 
conductor  which  will  be  found  exposed.  By  experiments 
collected  at  Table  IX.  it  appears  that  the  resistance  of  one  square 
centimetre  of^  copper  conductor  to  one  milhampdre,  or  what  we 
may  call  more  briefly  the  resistance  per  milliampere-square-centi- 
mdtre,  traa  about  70  to.     In  Table  II.,  the  surface  of  a  sovereign 
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[■per  knot;  so  that  the 


being  about  8'5  square  centimetres,  the  reaistance  observed 
per  Tnilliampere-square-centimdtre  SBoms  to  have  been  about 
130  at.  Owing  to  impurity  of  surface,  however,  and  to  delay  in 
false-zero  reading,  the  resistances  of  acl  ual  breaks  referred  to  the 
anit  area  and  current  are  greater.  In  the  case  represented  by 
Table  III.  the  exposure  was  observed  to  be  about  a  quarter  of  an 
iiifli  in  length  when  the  break  was  picked  uji,  and  in  the  case  of 
Table-  IV.  the  exposure  was  faund  to  be  0'9  centimetres  long. 

The  core  was  in  both  of  J    ' 

eiposed  surface  in  N'o.  III.  would  have  been  about  0"5  square 
oentimStres,  or  from  the  obseiTed  readings  185  a  per  milliain])^re- 
Bquare-centim^tre.  In  the  case  of  No.  IV.  the  surface  would  be 
■boat  0"7  square  centimetres,  and  the  observed  resistance, 
calculated  to  the  same  unit,  143cd.  Selecting,  in  the  absence  of 
further  data,  the  mean  of  these  two  as  the  resistance  of  the  unit 
Borface  (165  (u),  the  area  exposed  in  the  broken  end  referred  to  in 

Table  ^^.  would  be  (     --  J  ,  or  3-4   square   centimetres ;  and   in 

tiie  above-mentioned  core  this  would  be  represented  by  4*5 
centimetres  of  conductor,  linear  measurement. 

Eetoming  once  more  to  the  theoretical  side  of  the  question, 
Iwo  interesting  points  present  themselves  for  investigation. 

First.  It   api>ears   from   direct    experiments,   such   as   those 
i^howu  at  Table  I,,  that  for  exposures  artificially  made,  and  with 
resistance  but  no  elect  rostjitic  capacity  in  their  circuits,  the  law 
of  mverse  square  roots  is  only  found  to  apply  when  the  measure- 
toents  are  taJien  to  immediate  false  zero.     Even  one  second's 
delay  seems  to  produce  a  large  deviation.     But  in  the  case  of 
acloal  exposures  with  broken  cables  the  necessary  delay  of  one 
second  or  more  in  observing  the  false  zero  does  not  apparently 
give  rise  to  any  great  departure  from  the  law.     As  one  explana- 
tion for  this  very  fortunate  phenomenon,  it  may  be  suggested 
that   the   electrostatic  discharge   through   the  break  upon   the 
cessation  of  the  testing  current,  may  so  far  influence  the  electro- 
motive force  of  polarisation  as  to  keep  it  from   falling  at  the 
rapid  rate  observed  in  experimental  exposures  on  6h.ott  mc>aV. 
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If  this  is  the  right  explanation,  it  should  follow  that  the  error 
would  tend  to  increase  as  the  cable  became  shorter ;  and  the  case 
of  Table  V.,  which  has  more  error  than  the  others,  and  refers  to  a 
cable  broken  only  two  miles  off,  seems  to  bear  the  generalisation 
out, 

Second,  We  know  that  when  a  metal  plate  is  eiposed  in  snch 
a  liquid  as,  for  example,  a  solution  of  cupric  aolphate,  the 
resistance  of  the  exposure  is  nearly  constant  for  all  cmrents.  In 
fiict,  were  it  otherwise,  it  would  follow  that  the  internal 
resistance  of  a  Daniell's  cell  would  vary  with  the  strength  of  the 
current  it  generated. 

On  the  other  hand,  all  the  experiments  above  mentioned  go 
to  show  that  the  same  plate  immersed  in  salt  water  offers  a 
resistance  at  its  surface  varying  as  the  square  roots  inversely,  of 
the  traversing  currents,  and  thus  apparently  departing  from  what 
we  might  have  expected  by  Ohm's  law.  The  following 
experiment  illustrates  the  matter: — 


An  exposure  of  about  half  an  inch  of  No.  16  copper  wire  was 
immersed  in  sea  water,  and  afterwards  in  a  solution  of  copper 
sulphate.  The  resistances  it  offered  to  two  series  of  currents, 
first  with  zinc  and  then  with  copper  to  line,  are  shown  com- 
paratively. 

The  measurement  was  made  by  bridge,  with  30  Minotto  cells 

and  a  ratio  of  j^qq^  ,  in  the  manner  described.     All  readings  were 
to  immediate  false  zero. 
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The  figures  in  columns  II.  and  III,  show  how  closely  the 
resistances,  with  the  zinc  pole  to  bridge,  follow  the  law  of  inverse 
square  roots.  With  copper  to  line  the  law  is  not  so  well 
maintained,  and  broke  off  abruptly  above  10  milliampdres ;  but 
with  the  exposure  in  copper  sulphate  solution  the  resistance  with 
both  currents  was  the  same  for  60  as  for  I  milliamp^re. 

The  explanation  of  this  dJffereQce  in  behavioox  ■na^  ^e  m.  ^ft 
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fact  that  gas  is  developed  on  the  surface  of  the  plate  in  one  case, 

and  not  in  the  other.  The  hypothesis  may  be  ad\'ance-d,  in  the 
absence  of  a  better,  that  each  bubble  of  gas,  bo  long  as  it  remains 
undischarged,  undissolved,  and  not  chemically  reduced,  may 
insulate  the  surface  of  the  plate  it  covers ;  and  that  perhaps  the 
rate  at  which  this  process  of  insulation  disappears  by  the 
discharge  of  bubbles  may  be  directly  proportional  to  the  square 
root  of  the  quantities  of  gas  developed  in  a  given  time,  as  these 
are  known  to  follow  the  current-strengths  directly. 

But  if  these  correlated  laws  of  inverse  squares  connecting 
surface,  resistance,  and  current  recommend  themselves  to  the 
Society  on  examination,  and  are  corroborated  by  inquiry,  it  may 
well  be  anticipated  that  the  true  explanation  of  this  interesting 
phenomenon  will  not  long  be  forthcoming.  Enough  has  been 
stated  with  the  endeavour  to  show  that  besides  the  Lumsden 
method  of  estimating  the  resistance  of  a  break,  which  will  always 
remain  in  use,  there  is  also  an  ample  field  open  for  measurement 
as  a  check  upon  judgment  with  the  majority  of  breaks  that 
present  themselves  in  practice. 


APPENDIX   I. 


Table  IX. 


Table  showing  the  resistances  experimentally  observed  with 
different  exposures  of  cable  core  in  sea  water,  compared  with  the 
amounts  calculated  by  the  laws  of  inverse  square  roots  from  a 
single  observation  as  basis. 

The  core  selected  was  of  / 120  lbs.  copper  1      ^^  ^^^^ 

L  175  lbs.  g.-p.    J 
30  Minottis  =  34-49  volf« 
410  CD  internal  resigtance 

idge,  100  en  :  1,000  a>.    Zinc  to  line.     Immediate  false  zero. 
maintain  the  proportion  in  the  surfaces,  the  section  of  the 
Bpper'  strand  was  cajiped  in   each  experiment  with  insulating 
materia^    All  the  observed  readings  were  steady. 
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The  discrepancies  in  the  above  table  between  the  resistanceB 
observed  and  calculated,  nowhere  esceed  12  per  cent.,  but  the 
observed  readings  include  errors  of  electrical  measurement  and  of 
surface  measurement,  besides  the  second  error  of  polarisation 
tnentioned  in  the  paper;  i.e.,  the  stronger  currents  are  probably 
overstated,  thus  making  the  resistance  observed  at  those  currents 
too  high. 


I 


APPENDIX    11. 
The  Eliminatioii  of  the  Second  Polarisation  Error. 


The  correction  for  the  alteration  in  the  strength  of  the  testing 
eorrent  to  line  owing  to  the  earth  current,  or  polarisation  electro- 
motive force  acting  in  it  could  be  arrived  at,  when  necessary,  by 
observing  a  few  of  the  readings  to  true  zero  as  well  as  to  false 


zero. 

vol.   XVI. 
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For  if  a  y  is  the  resistance  which  at  any  given  cnrrent-streng 
balances  to  truer  zero,  then  y  ia  the  apparent  resiatance  of  tZT 
line  and  break  to  true  zero. 

Referring  to  the  figure,  if  +  «  be  the  electro-motive  foc^ 
owing  to  earth  current  or  polarisation  in  the  line,  it  ran  be  read  S^ 
proved  that 

(x-y)'E 

t^  +y  +  (p  +  l>)(a  +  I) 
a 
Thus,  when  y  is  greater  tiian  ib,  «  is  negative,  or  acts  against  tJi 
testing  current. 

Owing  to  loaa  of  time  in  false  zero  reading  x  is  generall; 
greater  than  its  true  amount,  so  that  e  is  generally  too  small 
MTieu  n  ia  10  or  100,  the  actual  strength  of  current  passing 
through  the  break  when  this  value  of  x  was  observed  would  bt 
approximately, 

E  +  e 


Calculated  current  x 


E 


So  that  by  obaerving  x  and  y  togetlier  at  one  or  two  points  in  i 
series  the  numerical  correction  to  the  current-strengths  can 
subsequently  applied. 


APPENDIX  (ifovenitw,  1886). 

The  results  with  broken  cables  5  and  6  have  been  obtaiuet 
since  the  above  paper  was  written. 

In   the    case    of  No.  6  the  fuU  correction   of  the  current 
strength  passing  through  the  break  is  added,  taking  the  electro 
motive   force  of   polarisation   set  up   by  the  break  and   eartt 
current  into  account.     The  comparison  of  columns  I.  and  X\^. 
shows  how   slight   the    correction   becomes   with    a   battery    o' 
considerable  strength.     A  series  is  also  shown  with  the  coppe, 
pole  to  line.    This  broke  off  abruptly  on  reaching  9  milliampferea,.— -^ 
the  resistance  of  the  break  rising  suddenly  from  42  u  to  67 
and  increasing.     The  readings  in  this  series  are  lower  than  with 
the  zinc  current,  but  not  bo  uniform. 

J'cr  practical  ship's  use  the  resistance  p  may  be  convementlTr" 
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calculated  for  a  given  battery,  and  checked  from  day  to  day. 
The  values  of  ^  for  3,  4,  5,  6,  and  12,  16,  20,  and  24  milliamp^res 
being  thus  kept  ready  for  use,  four  pairs  of  (juadruple  readings 
oan  generally  be  obtained  with  any  break  that  may  present  itself 
in  ten  or  fifteen  minutes,  the  distance  of  the  break  for  any  given 
being  then  almost  evident  from  inspection. 


^pair  be 


Zinc  pole  to  line. 


Broken  Cable  No,  5. 

38-75  volta,  85  to  internal  resistaiice  battery. 
Bridge  ratio,  VdV- 


Kflf  Elian  i!« 

comoled  fer 
Hmp, 

Diatann  of  Break 

Brtalc  ot)9eiT«d. 

Calculatod 
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^ 

1 

Dbmi. 
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l.GSli            ;           1G8 

I    ' 
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... 

68-5 

63-9 

T 

l,S«)-5 
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S8-5 
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ti 
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9 
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10 

l,GB2-6 
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44 
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88 

IS 
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19 
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se-e 

3fl-B 

SO 
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3.1 

24 
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2C 
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The  President:  It  is  to  be  remarked  that  the  practical 
Applications  set  forth  in  Mr.  Kenuelly'3  paper  are  generally 
limited  to  tests  when  large  es]KiBures  occur,  where  in  the  majo- 
rity of  cases  the  cables  are  totally  broken;  and  so  our  attention 
regarding  the  paper  should  be  principally  directed  to  total  bre-aks. 
A  considerable  percentage  of  the  faults  in  submarine  cables  are 
not  of  this  character,  but  are  small  faults  in  which  the  copper  is 
only  eipoaed  to  a  very  slight  extent.  It.  would  be  most  desirable 
to  be  able  to  separate  the  resistance  of  the  fault  in  such  cases 
from  the  resistance  of  the  line ;  but  I  ara  afraid  that  it  will  be 
very  difficult  to  lind  an  accurate  formula  for  this,  because  the 
condition  of  such  faults,  from  polfu-isation  and  other  causes,  is  so 
extremely  variable  that  the  false  zero  can  hardly  be  obtained; 
and  Sir,  Kennelly  himself  states  that  his  esiierience  is  that  the 
third  interference  is  "electrically,  because  this  electro-motive 
force  of  polarisarion  existing  in  the  circuit  whose  resistance  ia  to 
be  measured  causes  a  large  error  to  be  made  in  the  measurement, 
and,  owing  to  the  great  rapidity  with  which  it  falls,  the  moment 
the  testing  current  ceases,  the  exact  correction  to  apply  is  difficult 
to  obtain."  I  have  found  the  same  thing  myself;  but  I  would 
rather  now  in\'ite  any  of  the  members  present  who  have  bad 
experience  in  cable  repairs  to  give  their  views  as  deduced  there- 
from. 

BLtHenrj  Sir  HhiNFtY  Mance:  As  Engineer  in  charge  of  the  Persian  Gulf 

cables,   the    resistance  of  faults   Las  been   a   subject   which   of 

L necessity  has  occupied  my  very  serious  attention  for  many  years. 
Our  President  has  mentioned  that  his  experience  has  been  more 
in  connection  with  faults  which  occur  in  the  factory  during 
manufacture — my  own,  on  the  other  hand,  has  been  confined  to 
the  maintenance  of  cables  which,  as  it  happens,  were  originally 
laid  by  Sir  Charles  Bright  in  1864,  and  which,  as  may  naturally 
be  expected,  gave  plenty  of  opportunities  for  fault-testing  towards 
the  latter  part  of  their  existence. 
In  May,  1884, 1  contributed  to  this  Society  a  paper  on  fault- 
testing,  showing  how,  by  a  very  simple  method,  the  errors  doe  to 
polarisation  and  earth  currents  might  be  eliminated,  I  thought 
then,  and  I  (b/nk  now,  that  the  method  was  a  distinct  advance  ia 
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e  coarse  of  testing  u:iually  followed.  I  was  not  present  wheti  3"' ^•"^  I 
that  paper  was  very  kindly  read  for  me  by  Mr.  Latimer  Clark, 
:cl  I  must  confess  to  a  feeliug  of  sarprise  and  regret  when  I 
'ound  that  the  ^laper  had  been  criticised  in  an  unfavourable 
jsanner  by  a  member  whose  opinions  usually  carry  with  them 
msiderable  weight.  It  was  argued  that  every  electrician  found 
lUt  for  himself  how  to  allow  for  the  errors  that  faultB  are  likely  to 
troduce.  I  admit  that  electricians  of  the  old  seliool,  aome  of 
horn  were  men  of  eiceptioual  skill  and  esperience,  did  deal 
ccessfully  with  faults  without  the  assistance  of  exact  formula, 
t  this  required  an  amount  of  judgment  not  possessed  by  all  of 
Xts  i  and  every  electrician  who  has  had  any  practical  experience  in 
testing  faulty  cables  will,  I  think,  honestly  confess  that,  when 
iting  to  a  broken  end,  he  could  never  be  certain  to  a  mile  or 
two.  You  were  told  on  that  occasion  by  Mr.  Preece  that  it  waa 
erely  another  case  of  History  repeating  itself.  Well,  History 
a  repeat  itself  sometimes,  but  at  the  same  time  it  generally 
gs  us  new  facts  and  new  experiences:  for  instance,  I  am  sure 
we  have  been  taught  something  fresh,  something  useful  to-night; 
indeed  the  author  has  left  us  but  little  to  learn  in  connection 
with  faults.  I{e  has  given  us  exactly  the  information  we  required. 
He  has  supplied  the  missing  link,  so  that,  when  the  time  comes 
for  History  to  repeat  itself  again,  I  don't  think  another  paper  on 
the  resistance  of  broken  ends  will  be  necessary. 

Mr.  Preece  stated  that  the  errors  due  to  polarisation  and 
earth  currents  were  fully  dealt  with  by  Culley,  and  with  this 
remark  I  would  respectfully  beg  to  differ.  Lumsden'a  method  is 
described,  but  this  test  requires  considerable  dexterity;  it  is 
frequently  only  approximate  in  its  results,  for  it  makes  no 
allowance  for  earth  currents,  which  might  introduce  most  serious 
errors.  When  there  are  feults  on  the  line  ca[iable  of  being 
polarised,  you  cannot  eliminate  the  effects  of  earth  currents  by 
testing  with  alternate  positive  and  negative  cnrrents:  reversals 
of  current  will  not  assist  us,  as  instead  of  one  obsen"ation  being 
higher  and  the  other  lower  than  the  true  value,  aa  would  be  the 
.■ase  if  earth  currents  only  were  disturbing  the  test,  the  tendency 
ijf  the   polarisation   current  is  to  make  both  obaeiva\,\ou^  \wi»^ 
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higher  than  the  trae  value.  Mr.  Culley  gives  ub  no  exact  method : 
he  gives  a  plan  of  eliminatiTig  the  effects  of  iwlarisation  by 
applying  n  negative  ciirrent  for  10  or  12  hours ;  whereas  by  the 
method  given  by  me,  the  eiTors  clue  to  earth  or  jwlarisation 
currents  can  be  ascertained  by  a  simple  test  which  should  not 
occupy  two  minutes. 

With  your  permission  I  will  put  iipoti  the  board  the  formulie 
given  by  rae  in  the  jwper  to  which  I  have  referred — 
R,(2r  +  P.)~R.f2r  +  F,) 
R,  +  P;  —  II,  —  P, 
and  the  method  of  testing  waa  as  follows  : — 

Using  the  ordinaiy  Wheatstone  bridge  with  e(;|ual  proportions, 
and  testing  with  a  continuons  negative  current,  you  obtained  two 
observations,  using  daring  the  first  (say)  the  hundred  to  hundred 
proportion  coils,  and  during  the  second  the  thousand  to  thonsand 
coib. 

R|  =  the  resistance  observed  with  the  smaller  proportion  coils. 
Ri  =  „  ,,  larger  „  „ 

Pi  =  the  resistance  of  one  of  the  smaller  proportion  coils. 

Pi  =  »  »        larger  „  „ 

r  =  the  internal  resistance  of  testing  battery. 

Of  course  the  test  may  be  taken  with  unequal  coils,  but  then 
the  formula  is  not  quite  the  same ;  or,  if  you  prefer  it,  the  ^3  ^-^d 
j~gS  coils  may  he  used,  or  equal  coils  of  any  other  value.  I  mention 
the  hundreds  and  thousands  because  they  are  provided  for  us  in. 
in  the  testing  bridge. 

If  when  testing  by  this  method  the  two  readings  are  the  same, 
DO  correction  is  necessary — the  earth  current  has  exactly  balanced 
the  current  arising  from  polarisation.  This,  however,  rarely  occurs. 
As  a  general  rule,  tlie  observed  resistance  with  the  smaller  pair 
of  projxirLion  coils  is  lower  than  that  obtained  with  the  higher, 
the  corrected  result  will  therefore  be  less  than  either,  Should  a 
strong  positive  earth  current  be  coming  from  the  cable,  it  is 
possible  that  the  f^  reading  will  be  greater  than  that  obtained 
with  the  tS8u  coQb,  in  which  case  the  corrected  or  true  resistance 
will  be  greater  than  either  of  the  observed  results, 

/  wish  to  observe  that  in  my  paper  I  claimed  only  to  eliminate 
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the  effects  of  jKilariaation  and  earth  currents,  not  to  ascertain  the  si'  umi; 


exact  resistance  of  the  fault  itself;  but  I  pointed  out  that  when 

:e  tests,  which,  without  any  alteration  in  the  foult,  sometimeB 

'vary  considerably,  are  stripped  of  the  errors  due  to  these  causes, 

you  are  in  a  position  to  form,  by  the  regularity  of  your  corrected 

results,  a  very  accurate  idea  of  the  actual  resistance  of  the  broken 

Assoming  the  testa  to  be  steady,  with  no  disposition  in  the 

fault  to  increase  in  resistance  under  the  influence  of  a  positive 

current,  you  are  quite  safe  in  allowing  about  5  ohms  for  a  broken 

id  close  to  the  cable  ship,  or  double  that  resistance  if  it  happens 

to  be  a  hundred  miles  distant.     \Vhen  that  distance  was  greatly 

exceeded,  I  found  the  resistance  of  the  fault  began  Lo  be  a  serious 

matter,  reijuiriug  a  certain  amount  of  judgment;  but  with  the  law 

the  auther  has  now  given  us,  there  appears  to  be  no  reason  why 

^■the  resistance  due  to  the  fault  itself  should  not  be  accurately 

^Kscertaiued,  even  when  the  broken  end  is  several  thousand  ohms 

Bwaj 


■Uie 


^ault 

cur 


^ktade 

^you  f 


In  consequence  of  my  absence  I  have  only  been  able  to  give  a 

'short  time  to  the  perusal  of  this  paper ;  I  cannot  therefore  do  full 

justice   to   it   during   this   discussion.     I   promise  myself  much 

pleasure  in  following  Mr.  Kennelly  in  the  experiments  he  has 

le.    If  I  understand  him  aright,  the  law  he  has  given  us  is— if 

'on  quadruple  the  strength  of  the  current  passing  through  the 

^feult,  you  halve  its  resistance.     As  I  travelled  up  to  London  this 

:emDon,  I  referred  to  the  table  of  resistances  given  with  my 

(per,  and  it  seems  to  corroborate  the  author's  theory.     I  do  not 

;tach  importance  to  the  trifling  discrepancies  in  the  results  given: 

.e  latter  are  sufficiently  uniform  for  all  practical  purposes. 

The  testing  instructionslook  a  little  complicated.  We  should 
■member  that  the  majority  of  the  clerks  at  submarine  cable 
itions  are  not  very  skilful  observers;  aa  a  general  rule,  they 
,ve  few  opportunities  for  practice.  It  is  occasionally  very 
ivenient  to  be  able  to  rely  on  tests  taken  by  comparatively 
me5(»erienc(-d  testers ;  the  simpler,  therefore,  you  can  make  the 
test  the  better.  The  false  zero  method  is  open  to  the  objection 
that,  as  polarisation  currents  are  set  up  immediately,  the  cable 
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^^„^^    applied.    The  nieh  of  current  into  a  cable  on  first  applying 

battery  also  affects  the  accoracy  of  the  method,  which  consequently' 
retiuires   the  exercise  of  considerable   skill  on  the  part  of  t 
observer. 

I  have  spoken  rather  fully  about  my  own  method,  because  it 
appears  to  me  that  all  we  require  to  enable  us  to  apply  Mr. 
Kennelly's  law  is  two  corrected  results  taken  in  the  manner  I 
have  described,  the  one  pair  of  readings  being  obtained  with  a 
battery  current  four  times  as  strong  as  the  other.  The  difference 
between  the  corrected  results  should  then  give  the  reBiatance 
due  to  the  fault  itself  during  the  test  token  with  the  strong^^^ 
battery  power.  ^^M 

I  cannot  conclude  without  remarking  that  the  author  appears  to 
have  provided  us  with  a  law  which  will  be  of  imnienao  assistance  to 
electricians  engaged  on  cable  work,  especially  when  the  break  is 
a  considerable  distance  from  the  testing  station. 

The  President:  I  might  remind  Sir  Henry  Mance  of  an 
occurrence  during  the  laying  of  the  Persian  Gulf  cable  in  1864, 
to  which  he  referred,  and  that  was  that  we  had  a  fault  before  we 
had  actually  completed  the  line,  which  broke  down  between 
Guadur  and  Kiirrachee.  Mr.  Jjaws,  who,  as  many  of  us  remember, 
was  a  very  skilled  electrician,  was  with  me  at  the  upper  end  of 
the  Gulf.  I  sent  him  off  in  one  of  our  cable  fleet ;  be  took  a 
test  from  Guadur  and  struck  the  Birot,  where  the  cable  was  soon 
repaired  by  Mr.  1'".  ('.  Webb  within  a  quarter  of  a  mile  of  the  place 
indicatefl ;  and  that,  I  think,  speaks  something  for  the  knowledge 
and  experience  of  some  of  the  old  electricians  and  cable  engineers. 
xTahmII.  Mr.  Harulii  W.  Ansell:  I  would  like  to  mention  one  or  two 
instances  in  which  Jlr,  Kennelly's  method  has  proved  invaluable. 
On  one  occasion  when  the  rei>airing  steamer  was  paying  out 
towards  a  buoyed  end,  on  arriving  at  the  buoy  it  was  found  that 
the  cable  had  parted,  and  the  question  was — where?  The  test  was 
required  to  he  quickly  and  accurately  taken  —quickly,  because  the 
cable  was  weak  and  the  ship  was  lifting  to  a  head  swell ;  and 
accurately,  as  a  rough  bridge  test  jiut  the  fault  in  or  close  to  deep 
water.  A  series  was  taken — I  think  four  conplee — which  occupied 
tea  minutes,  and  the  distance  given  was  3o  miles,  or  just  in  t 
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water.     On  ret^overing  the  fault  some  hours  afterwards,  the  ^'-  A""**- 
tests  proved  to  be  less  than  an  ohm  out,  and  not  a  "quarter  of  a 

I 


The  Pbesident  :  Was  that  an  actual  break  ?  i^c.iaH.t 

Mr.  Harold  Assell  :  Yes ;  an  actual  break.    It  was  on  a  rocky  mi.  ajimu, 
torn,  and   the  copper   hod  chafed  off  close ;  very  little  was 
exposed,  for  it  was  nearly  covered  in  by  the  gutta  percha. 

Another  instance  was  where  the  cable   was   broken   on  the 
poeite  shore  to  which  we  were  testing,  and  the  core  Ipng  on 
,e  wet  sand;   there  were  33  miles  of  cable   in   circuit.     The 
whole  aeries  was  taken,  zinc  to  line,  with  40  Leclanche  cells,  and 
the  results  in  this  case  were  between  3  and  4  ohms  out,  the 
test  discrepancy  that  ever  occurred  in  these  tests.     The  series 
.pied  half  an  hour.     The  mean  second  awing  of  the  galvan- 
ometer was  balanced  to  earth  current  zero,  that  being  the  best 
baJance   for  the   discharge   from  the  cable.     It  is  a  matter  of 
experience  as  to  the  allowance  for  this  in  making  these  tests, 
perhaps   the   plan   works   better  upside  down,   taking   the 
eater  number  of  niilliamp^res  to  line  first,  then  the  correspond- 
g  couple,  such  as  \i4-G,  16-4,  and  so  on,  instead  of  going  right 
through  the  series,  1,  2,  3,  4,  5,  etc 

In  regard  to  Sir  Henry  Mance's  paper,  which  I  have  read 
veral  times  and  applied,  I  never  could  find  that  method  work, 
Perhiips,  howe\er,  in  justice  to  the  paper,  I  might  say  that  I  had 
it  the  form  of  bridge  which  is  described. 
Sir  HeNBY  SIa-NCE  :  Ttiis  is  not  absolutely  necessary.  vm'^""' 

Mr.  Harolp  Assell:  The  zero  always  shifted.  Mr.Anwii. 

Sir  HE-nry  Makce:  You  were  wrong  in  taking  the  teat  by  the  SjfJ'™'' 
■e  zero  method. 

Mr.  Hahold  Ansell  :  I  don't  mean  that.  It  does  not  seem  to  Mi-  aimu. 
irk :  only  once  wen?  the  n-aults  anything  like  correct. 
I  can  only  say  tliat  Mr,  Kennelly  has  given  us  a  test  which  is, 
I  might  say,  i^rfect.  The  ordinary  Lumsden  method,  before, 
always  left  something  to  desire,  and  something  (how  much  was 
ined  by  ^xperiencej  always  had  to  be  allowed,  5,  10,  or  some 
,ee  70  ohms.  It  was  not  at  all  satisfactory ;  but  now  nothing  is 
required  to  be  allowed  on  the  test  at  all, — you  get  ^owt  ^v^wce?. 
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right  in  front  of  you^-you  go  t«  the  spot  and  find  the  &tilt 
exactly. 

Mr.  W.  P.  GRAH^^L^.E :  Would  it  not  be  possible  to  combine 
Sir  Heniy  Mance's  method  of  eliminating  the  polarisation  eurrents 
with  Mr.  Kpimelly's  test  for  determining  the  reflistnnce  of  a  &ult  ? 
In  both  cases  it  is  necessary  to  obtain  two  measorementa  of  the 
total  resistance  of  cable  and  fault,  the  two  valm-s  being  obtained 
in  Sir  Henry  Mance'a  test  by  altering  the  resistances  in  the  arms 
of  the  bridge,  viz.,  from  1000  :  1000  to  100  :  100;  and,  in  Mr. 
Kennelly's  methctd,  by  varying  the  battery  so  as  to  alter  the 
strength  of  the  current  flowing  through  the  fault. 

It  is  evident  that  altering  the  resistances  in  the  arms  of  the 
bridge  means  altering  the  current  flowing  through  the  fault,  and 
therefore  it  appears  to  me  that,  by  placing  a  galvanometer  in  the 
cable  branch,  so  as  to  measure  the  current,  we  could  first  eliminate 
the  polarisation  effect  by  means  of  the  formula  on  the  blackboard, 
and  then,  by  Mr.  Kennelly's  method,  ascertain  the  resistance  of 
the  fault. 

Mr.  H.  C.  DoxoVAN :  I  am  very  much  pleased  with  Mr. 
Kennelly's  paper,  but  I  should  like  him  to  have  touched  upon 
the  fact  that  the  resistance  of  a  fault  is  greater  or  less  according 
to  its  aurronntlings.  For  instance,  I  have  noticed  that  if  the  end 
is  hanging  in  clear  water,  then  there  is  a  very  large  and  varying 
resistance ;  hut  if  it  is  touching  mud,  the  resistance  is  low.  With 
regard  to  Sir  Hemy  Mance'a  paper,  I  do  not  think  it  was  criticised 
in  the  way  that  he  mentioned.  Attention  was  drawn  tothe  belief 
that.  Sir  Henry  Mance  had  a  wrong  idea  of  a  wiping-out  current, 
and  many  Bpeakers  thought  that  it  was  not  necessary,  but  that  we 
should  work  to  the  cable,  or  false  zero. 

The  Pbesipent:  I  do  not  understand  how  you  are  to  know 
what  is  going  on  at  the  bottom  of  the  sea,  to  assist  you  in 
calculating  the  varying  resistance  of  (he  end  that  you  speak  of. 

Air.  H.  C.  DoTOTAK:  It  often  happens  that  we  are  able  to 
form  an  approximate  idea,  by  known  soundings,  of  what  the  nature 
of  the  bottom  is,  and  where  the  end  is  likely  to  be  in  mud  a  low 
resLstance  should  be  expected ;  but  if  it  is  in  deep  water,  and  very 
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Icely  dangling  over  a  rock,  it  may  then  bfi  assumed  that  the  ^^   ^ 
esistAnce  of  the  fault  is  greater  than  it  would  be  otherwise. 
'Professor  W.  E,  Avrton:  I  have  Uetened  with  tJie  greatest  P"'°"'" 

"  Ajnon. 

interest  to  what  Sir  Henry  Mance  hfi.9  said  this  evening,  because 
on  the  occasion  to  which  he  refers  I  happened  to  be  one  of  the 
few  who  saw  that  there  was  something  of  real  valne  in  his  jKiper, 
A  I  did  my  beet  to  wiirmly  sxipport  it.  I  am  afraid  there  ia 
ach  trath  in  what  he  has  just  said  regarding  the  way  in  which 
lat.  pafier  was  received,  and  rather  pooh-poohed;  in  fact  it  was 
plied  that  in  this  country,  where  many  of  us  had  not  much  to 
with  submarine  cables,  we  knew  all  about  the  matter,  and  that 
ere  was  no  information  for  those  who  were  engaged  with 
^^Bnbmarine  telegrajjhy  in  the  East  to  give  Ub  about  faults.  Of 
^■Barse  it  is  very  easy  here,  sitting  in  our  arm-chairs,  to  criticise 
^^phat  the  hard  workers  do  on  the  other  side  of  the  world  in  those 
^^■ery  hot  and  wild  countries ;  but  as  I  happen  to  have  been  in 
^^he  hot  and  wild  countries,  my  S3mipftthy  is  natunilly  with  tlie 
workers  there.  Therefore  I  must  say  that  on  that  occasion  I  did 
my  Ijest  to  support  what  was  told  us  in  the  jiaper  of  Sir  Henry 
Afanee,  as  he  himself  ha«  on  this  oct:asion  done  to  support  what 
Sir.  Kennelly  has  told  us  in  his  paper. 

The  question  asked  by  Mr.  Granville  is  really  a  very  im- 
portant one,  and  Ibis  question  reminds  me  that,  while  Mr. 
Granville  himself  underst^inds  the  matter,  there  may  he  very 
likely  others  here  who  are  not  c^uite  clear  as  to  the  exact  object 
of  making  each  of  the  tests  that  we  have  heard  described  to-night. 
Of  course  the  main  object  is  to  find  tlie  position  of  the  fault; 
but  what  are  the  exact  conditions  that  we  have  in  a  telegraph  or 
submarine  cable  line  ?  There  is  the  resistance  of  the  tine  up  to 
Ihe  fault, sayl;  there  is  the  resistance  of  the  fault,  eay/;  and 
there  is  the  electro-motive  force  in  the  fault,  siiy  <*.  What  we 
want  to  do  is  first  to  find  l+f  independently  of  «,  and  then  I 
independently  of  /.  Previous  to  Sir  Henry  Mance's  paper,  the 
■first  ojjeralion  was  done  by  reversing  the  testing  battery;  hut  Sir 
-Henry  SInnce  iwinted  out  that  that  was  not  neceswiry,  and  that 
'the  result  could  be  obtained  by  altering  the  value  of  the  arms  in 
Ihe  bridge.    That  really  is  a  means  of  altering  t\\e  cutteoV  ft.o'WTO^ 
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through  the  line  ;  reversing  the  battery  iH  another  means  ;  there 
are  many  ways  (and  I  think  I  suggested  some  of  them  at  the  time) 
by  means  of  which  the  current  can  be  altered.  From  the  two 
testa  made  with  different  currents  flowing,  it  is  then  possible  t^^ 
separate  the  effect  of  resistance  ^om  the  effect  of  eleotro-motii^H 
force.  That,  however,  was  obviously  not  clear  to  the  worlei 
generally,  because  some  time  after  that  we  had  a  pajier  read 
before  this  Society  to  show  how  it  was  possible  to  separate  these 
two  by  only  making  one  test.  We  had  a  long  description  of  an 
imiMSsible  kind  of  experiment  to  show  how  with  one  equation 
containing  x  and  y  it  was  posi^ible  to  find  both  x  and  y !  That, 
I  think,  was  after  Sir  Henry  Mance'a  paper  was  criticised  as 
containing  no  novelty. 

Of  course  it  is  impossible  to  determine  two  unknown  thin 
by  one  test :  two  tests  are  necessary.    The  old  way  of  proceed- 
ing was  to  reverse  the  testing  battery,  and  so  alter  the  current 
passing   along   the   line.      Sir   Henry   Mance's  way  is   to   al 
the  current  passing  along  the  line  by  altering  the  arms  of  tb 
bridge,  and  he  only  alters  the  current  by  a  small  amount ;  for 
the  smaller  the  amount  by  which  the  current  is  altered  the  more 
accurate  the  teat,  since   then  the   electro-motive   force  will  he 
altered  very  little.    We  thus  obtain  two  values  from  which  the 
real  resistance  can  be  calculated  independently  of  the  electro- 
motive force  in  the  line  or  fault.     In  those  methods  it  is  assumed 
that  the  electro- motive  force  is  constant,  and  our  effort  is  to  avoid 
changing  the  electro-mot i\e  force  in  the  line  or  fault,  or  changing 
what  may  he  called  the  simple  earth  current.    Now  Mr.  Kennelly 
has  taken  up  the  subject  iu  a  totally  different  way.     He  says 
will  not  try  to  separate  l+f  from  e  by  making  two  ordinary  test^ 
but  we  will  use  the  false  zero,  which  by  itself  is  in  reaUty  making 
one  test.     You  observe  the  deflecting  position  of  the  needle,  and 
that  is  a  test  by  itself;  next  you  alter  the   resistances   in  the 
bridge  so  as  to  obtain  balance,  or  ratjier  so  as  to  reproduce  the 
deflection,  and  this  is  the  second  test.     Mr.   Keuneliys   nsxt 
object  is  to  enable  us  to  separate  I  from  /  with  a  broken  Line, 
do  not  remember  whether  Sir  Henry  A^ance's  tests  referred  to 
total  break. 
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I    Sir  Henrt  Masce  :  Yes ;  a  total  break.  mL^'' 

Professor  Ayrtok  :  At  any  rate,  ^Mr,  Kennelly's  paper  refers  Pr^foaiot 
solely  to  a  total  break,  and  bis  nest  object  ie  to  Beparate  I  from  /. 
Tlie  nietliod  tbat  bas  bitberto  been  employed  for  this  puq)08e 
with  a  broken  cable  is  to  combine  tbe  Wieatstone  bridge  test 
with  tbe  discharge  test.  Mr.  Keianelly's  method  consists  in 
finding  out  bow  /  varies,  by  varying  tbe  current.  We  have  an 
I  -i-  f  known  ;  one  portion  of  this  can  be  mode  to  vary  by  varying 
tbe  current,  the  other  portion  of  which  can  not  be  so  made  to  varj'. 

Ijie  has  exporimen tally  proved  the  law  that/  =     .  —    , where  A  is 
I  \/A  C 

le  area  of  tbe  fault,  and  C  is  tbe  cunent  pitssing  through  tbe 
fault,  aud  where  V\  would  be  tbe  resistance  of  the  fault  per  unit 
area  and  unit  current  passing  through  it.  Now,  obviously,  on 
making  two  or  more  teats,  he  knows  tbat  one  part  only  of  his 
result,  is  varied,  and  wo  be  is  able  by  these  tehts  to  separata 
/  from  f  in  a  way  which  appears  to  me  extremely  ingenious. 
Although  Mr.  Kennelly  referred  to  some  experiments  made  by  my 
colleague  and  myself  on  this  subject,  I  did  not,  I  must  say,  know 
that  the  resistance  of  the  fault  was  inversely  as  tbe  square  root  of 
the  current.     Like  Sir  Henry  Mance,  I  have  just  referred  to  our 

iper  of  1878,  which  Mr.  Kennelly  mentioned,  and  I  see  that 
'some  of  our  results  in  that  \)e.]}C^T  do  certainly  bear  out  his  law, 
but  other  results  that  were  given  in  the  paper  referred  to  do  not 
^heem  to  bear  out  the  law.  Tlie  estabbsbment,  however,  of  this 
very  simple  law  seems  to  me  to  be  making  great  strides,  in  this 
subject,  of  determining  the  position  of  the  fault,  over  tbe  old  method. 
There  is  one  question  I  should  like  to  ask,  but  tbe  author  of  the 
^naper  is  unfortunately  not  present, — it  seems  to  be  a  rule  that 
authors  of  excellent  papers  on  fault-testing  should  not  be  present, 

ley  are  absent  in  distant  countries, — but  somebody  can  no  doubt 

iswer  this  question  about  a  point  on  which  I  am  not  quite  clear. 

am  not  clear  from  Mr,  Kennelly'a  paper  as  to  the  exact  way  in 

be  makes  bis  tests.     I  fancy  what  he  does  is  this— I  may  ba 

ig,  but  perhaps  somebody  will  correct  me  : — Le  has  a  Wheat- 

itone  bridge  to  line  with  the  fault,  consisting  of  proportional 

lils  attached  on  one  side,  and  on  the  other  atesvataQtift  Y**i,Vt» 
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earth,  and  by  altering  the  resistance,  called  p  in  hie  paper,  in  tl 
battery  circuit,  be  makes  a  certain  cuiTent  pass  through  the  I 
He  neJt  baa  to  test  for  the  resistance,  and,  if  I  understand  rigli 
he  does  this  by  disconnecting  the  battery  and  meafiuring 
reaistonce  by  using  as  his  electro-motive  force  the  electro-motive 
force  in  the  fault  (in  fact,  he  uses  that  well-known  method, 
Mance's  method,  of  finding  the  resistance  of  a  battery  by  using 
the  electro-motive  force  of  the  betteiy — a  method  consisting  in 
putting  the  battery  in  one  arm  of  a  bridge,  and  finding  out  wl 
is  the  resistance  of  that  battery,  without  using  any  testing  batteryJF 
I  do  not  know  whether  I  am  right  in  assumingthat  Mr.  Kennellj 
uses  this  plan ;  if  so,  he  muat  have  another  wire  which  he  puts  i 
earth,  and  so  completes  the  circuit  through  another,  this  othe" 
wire  having  no  electro-motive  force,  and  which  is  pat  in  place 
the  battery  circuit, 

Mr.  Habolo  AnselL:  The  internal  resisiance  of  the  batt 
is  taken  first:  the  battery  is  kept  on  until  you  get  the  mnsimuir 
steady  reading,  and  then  it  is  released  and  the  balance  is  obtained. 

Professor  Ayrton:  The  balance  ia  obtained  after  removing 
the  battery  ? 

Mr.  Harold  Aksell  (advancing  to  the  board):  Here  is  thi 
scale  zero  [drawing],  and  you  adjust  your  false  zero  to  that  zero 
[describing  in  detail]. 

Professor  Ayrtos  :  Thank  you ;  I  understand  it  better. 

Hir  Hknry  MiNCE:  I  would  remark  that  I  have  attempted 
measure  the  resistance  of  a  broken  end  by  treating  it  as  a  cell 
and  using  the  method  for  ascertaining  the  internal  resistance 
batteries,  which  is  given  at  page  411,  vol.  i.,  Clerk  Masweil ;  bu 
when  testing  a  fault  by  means  of  its  owu  current,  which 
frequently  extremely  feeble,  I  found  that  a  broken  end  which  onl 
offered  a  resistance  of  10  or  12  ohms,  when  tested  in  the  onlii 
way,  appeared  to  increase  in  resistance  enormously, — the  difference 
was  so  great  that  I  was  under  the  impression  some  mistake  had 
been  made, — but  the  law  that  Mr.  Kennelly  has  given  us  to-night 
shows  that,  as  a  matter  of  course,  when  using  such  a  feeble  current 
the  resistance  of  the  fault  would  he  something  very  high. 
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The  President  :  You  also  found,  I  presume,  that  tlie  current  SiiaB„(_ 

biuJd  fall  very  rapidly. 
Sir  Hesby  MaN'Ci;  :  There  ia  sure  to  be  some  current  from  the  ?.''■ """? 
alt.     I  do  not  remember  that  I  ap])Lied  the  testing  battery.     I 
experimented  with  the  weak  current  set  up  in  the  defect  itself, 
and  got  by  my  battery  method  very  high  results  which  I  did  not 
understand  at  the  time. 

Professor  W.  G.  Adams  :  Professor  Ayrton  has  stated  what  are  P">fe«" 
the  three  points  which  have  to  be  determined  in  order  to  discover 
the  iwaition  and  resistance  of  a  fault  in  a  cable,  viz.,  the  reaistanoe 
of  the  line  up  to  the  fault,  the  resistance  of  the  fault  itself,  and  the 
electro-motive  force  in  the  fault  arising  from  the  espoaure  of  the 
conductor.  In  testing  by  raeana  of  a  battery  with  the  zinc  pole 
itacbed  to  the  line,  the  fault  has  a  resistance  which  will  vary 
ith  the  amount  of  the  deposit  accumulated  upon  it,  and  the 
electro-motive  force  at  the  fault  will  be  opposed  to  the  current. 
If  now  the  testing  battery  be  removed,  and  the  tests  be  made  by 
means  of  the  polarisation  current  from  the  fault,  the  resistance  of 
the  fault,  as  well  as  its  electro- motive  force,  will  be  totally  different 
in  the  second  case,  when  tiie  current  is  flowing  in  the  reverse 
direction  through  the  line.  The  theory  of  the  matter  would  lead 
as  to  expect  the  best  results  from  the  method  of  measuring  wlu'ch 
has  been  advocated  by  Sir  Henry  Mance,  viz.,  by  keepingthe  zinc 
pole  of  the  battery  attached  to  the  line,  and  altering  the  resistance 
is  the  branches  of  the  Wbeatstone  bridge  leading  to  the  cable, 
and  at  the  same  time  measuring  the  current  flowing  through  the 
cable  by  means  of  a  galvanometer. 

■      Mr.  Kymee-Jones  :  I  have  taken  great  interest  in  the  subject  Mr  RrmoT.] 
of  fault-testing,  and  I  must  say  that  what  Sir  Henry  Mance 
complains  of,  with  regard  to  the  want  of  interest  shown  in  oontri- 
butions  to  this  subject,  is  well  founded. 

I  remember  quite  well  that,  at  the  time  when  he  put  hia 
formula  before  as,  it  was  rather  imagined  by  some  that,  although 
very  good,  the  test  was  scarcely  required,  as  the  same  thing,  it 
jas  implied,  could  be  done  by  other  methods. 

The  discussion  which  has  taken  place  to-night  merely  touches 
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■  iiiwn  fault-tesHng,  viz.,  those  of  very  low  resistance,  and  which 
are  therefore  comparatively  easy  to  localise. 

We  hear  bo  very  little  upon  this  subject  that  all  the  encourage- 
ment possible  should  be  given  to  those  who  will  come  forward 
and  elucidate  a  most  difficult  subject. 

Mr.  Kennelly's  paper  seems  to  be  very  valuable  in  filling  ap  a 
aerioua  gap,  and,  by  showing  liow  the  resistance  of  the  fault  itself 
may  be  calculated,  he  amplifies  the  method  of  Sir  Heniy  JVIance, 
which  eflectually  eliminates  the  error  due  to  itolarisation  set  ap 
in  the  fault,  and  the  influence  of  cable  currents,  and  thus  over- 
comes the  greatest  difficulty  in  faults  of  low  resistance,  though  it 
does  not  give  the  resistance  of  the  fault  separately. 

■  The  only  weak  iwint  that  I  can  see  in  Mr.  Kenneliys  test  is 
t  hat  he  finds  the  resistance  of  the  fault  to  vary  inversely  as  the 
square  root  of  the  current  passing  through  it  only  when  the  current 
strength  is  below  '25  milliampSres,  and  beyond  that  the  same  law 
does  not  apjjiy.  That  seems  to  me  to  be  a  very  weak  testing 
current,  and  would  probably  in  some  cases,  and  more  especially 
in  long  cables,  be  very  much  affected  by  cable  currents, 

I  am  very  pleased  to  hear  that  such  good  results  have  been 
obtained  by  Mr.  Kennelly's  method,  which  is  new  to  me,  and  I 
shall  take  the  iirst  opportunity  of  trying  it  myself. 

The  instance  of  its  application  mentioned  just  now  to  a  fault 
35  miles  distant  does  not,  however,  give  one  an  ideji  of  what  would 
be  got  on  a  long  cable,  because  there  would  not,  as  a  rule,  be  much 
earth  current  in  so  short  a  length  as  35  miles ;  but  in  longer 
cables  it  sometimes  varies  considerably,  and  the  false  zero  would 
vary  also. 

In  the  Mance  tests,  which  I  have  used  several  t.imes  with 
very  good  results,  a  hirge  battery  can  be  employed,  so  that  the 
cable  current  represents  only  a  small  percentage  of  the  current 
going  through  the  fault,  and  lias  less  influence  on  the  result. 

As  far  as  I  can  judge  of  the  test,  I  shall  feel  inclined  to 
continue  to  use  Sir  Henry  Mance's  formula,  which  has  given  me 
excellent  results,  to  get  rid  of  the  effects  of  polarisation;  and,  by 
repeating  the  test  with  different  strengths  of  current,  obtain  the 
necessary  data  to  apply  the  correction  given  by  Mr.  Keuuelly's 
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,ble  for  the  number  of  milliampdres  imssing  through  the  fault  J''-^'™*' 

luring  the  test,  in  order  to  ascertain  its  resistance. 

Sir  Da\td   Salomons:    I  really   know  nothing  about  cables,  eir dbtm 

'Xcept  from  liolding  siimjjles  in  my  hand,  and  from  reading 
of  them  in  books.  I  therefore  came  to-night,  not  to  s]he-ak  on  the 
subject,  but  to  aeek  for  information.  As  far  as  we  have  gone 
there  are  two  or  three  points  tliat  I  should  very  much  like,  before 
leaving  this  room,  to  ascertain,  viz.,  how  far  the  new  law  dealt 
with  in  this  ^laper  is  true  or  not  true.  No  doubt  my  cjuestiona 
may  be  answered  by  Sir  Henry  Mance,  and  perhaps  by  Professor 
Ayrton,  I  followed  the  [laper  very  closely,  and,  as  far  as  I  see, 
the  law  is  established  from  a  series  of  experimental  tests.  Am 
I  right  in  that  conclusion  ?  The  law  has  been  simply  obtained 
from  a  series  of  tests  which  have  been  afterwards  put  in  mathe- 
matical form,  and  only  applicable,  as  far  as  one  can  see,  to  faults 
in  sea  water?  So  I  judge  from  the  special  remarks  which 
the  author  makes  towards  the  end  of  his  paper.  If  the  law  is 
true,  it  is  certainly  a  very  great  advance,  aCd  apparently  no 
one  knew  of  it  before;  but  I  should  like  to  know  whether  this 
law  can  be  mathematically  demonstrated,  as  is  usually  the 
sequence  to  the  discovery  of  a  new  law  by  experiment. 

t  Professor  W.  E.  Ayrton  :    I  think   it   is   like   any  chemical  frotusMf 
periment :  you  cannot  demonstrate  it  mathematically. 
Sir  David  Salomons  :  It  is  demonstrated  afterwards.     I  thinkaii'i*''^ 
BaJomoDi. 
r  friend  Professor  Crookea  can  show  us  a   good  deal   in  that 

direction. 

Professor   Ayrton  :    The   mathematics   are  based  upon   the  Profmsar 

AjTtofl, 

experiment.    Ex^reriment  shows  a  certain  thing,  and  mathematics 
lonstrate  it. 

Professor  PERttv :  I  have  no  doubt  that  at  the  end  of  a  year  Pri'f«B«or 
■  two  somebody  will  say  that  it  is  all  in  Clerk  Maxwell  I 
The  President:  Our  discussion  is  getting  a  little  desultory,  th* 
the  usual  time  has  arrived  for  closing  the  meeting. 
I  feel  quite  sure,  from  the  interesting  discussion  which  has 
iftken  place  with  regard  to  Mr.  Kennelly's  paper,  that  you  will 
agree  with  rae  that  we  should  accord  him  our  hearty  thanks  for 

paper  in  which  he  has  taken  so  much  imiuH  Lo  eVucvAsiXft  \iifc 
fOL    XVI.  IS 
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experiments  he  has  carried  out  in  practice.    The  motion  vas 
carried  by  acclamation. 

A  ballot  took  place  at  which  the  following  were  elected  :— 
AsaocicUeB. 


Francis  C,  Crawford. 
John  Gray,  B.Sc.,  A.R.S.M. 
Luther  Hanson. 
Charles  Edward  Lowndes. 


William  Llewellyn  Preece. 
Arthur  Molyneux  Sillar, 
W.  E.  Sumpner. 


Students. 


Alfred  George  Bessemer. 
James  Monntjoy  Elliott. 
Conrad  Kraass  Falkenatein. 


George  H,  Hume. 
Arthur  Henry  Preece. 


The  meeting  then  adjourned  until  28th  April. 


ORIGINAL  COMHUNICATION. 


THE    LIMITING    DISTANCE    OF    SPEECH    BY 
TELEPHONE.' 

The  following  table  was  accidently  omitted  from  the  last 
nnmber  of  this  Journal.  It  Rummarises  a  large  number  of 
experiments  that  have  been  made  in  different  parts  of  the 
conntry,  and  on  different  lines,  to  determine  by  observation  the 
oonnectiort  that  exists  between  speed  of  current,  diBtsnce  Bpoken 
throogh,  resistance,  and  capacity. 

It  will  be  Been  that  the  limiting  distance  through  which  it  is 
possible  to  speak  varies  inversely  with  the  speed  of  the  current, 
and  that  the  speed  of  the  current  varies  inversely  with  the 
product  of  the  total  resistance  and  the  total  capacity  of  the 
circuit.  Hence  we  can  say  that  the  number  of  reversals  that  it  is 
possible  to  send  through  any  circuit  varies  inversely  with  the 
product  of  the  total  resistance  (R)  and  the  total  capacity  (K),  or 
the  limiting  distance 

S  =  Kit  X  constant (1) 

This  is  only  another  form  of  Thomson's  law  for  K  =  ^,  and 
B  =  Ivy  and 

.•.  S  =  krP  X  constant. 

It  is  seen  that  when  the  speed  of  the  working  current  was 

0*00]*'  speaking  was  perfect, 
0-002"  speaking  was  good, 
O'OOS"  speaking  was  fair, 
0-004"  speaking  was  difficult, 

'  Thii  commnnintion  fonna  the  Appendix  to  Mr.  FrMca'i  >«mu^  «&  tvA. 
.  Ihompion  k  F»per  (lee  Soeiet/i  Joonul,  page  8G), 
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2GS  ORiaiNAL  OOHUmnOATION. 

If  we  pnt  equation  (1)  into  this  form, 

A  =  hn?, (2) 

and  give  to  A  the  following  values  :— 

Copper  (overhead) 13,000 

Cables  and  underground    ...     12,000 
Iron  (overhead) 10,000 

we  can  find  the  limiting  distance  we  can  speak  with  any  wire;  for 

a!"  =  A/fcr. 

Take  copper,  whose  constant  is  15,000,  and  a  wire  whose 
resistance  is  1"  per  mile,  and  capacity  0*0124  per  mile,  then— 

.  _  15000 
0-0124' 
a;  =  1 100  miles, 

which  is  the  limit  of  speaking  upon  such  a  wire. 

This  law  has  been  arrived  at  independently  by  M.  Vaohy,  of 
Paris,  and  by  Dr.  WietUsbach,  of  Beme,  and  it  has  been  verified  on 
the  German  underground  wires  by  Messrs.  Felten  &  GuiUeaume. 

The  difference  between  copper  and  iron  is  clearly  due  to  self- 
induction,  or  to  the  electro-magnetic  inertia  of  the  latter,  and  the 
difference  between  copper  overground  and  copper  underground  is 
due  to  the  facility  that  the  leakage  of  insulators  ofifera  to  the 
rapid  discharge  to  earth  at  innumerable  points,  of  the  static 
charge,  which  in  gutta-percha-^jovered  wire  can  find  an  exit  only 
at  the  ends. 

W.  H.  PREECE. 
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LIST   OF    ARTICLES 

BELATIIta    TO 

ELECTRICltY    AND    MAGNETISM, 

Appearing  in  the  principal  English  and  Foreign  Technical  Journals,  eto. 


(PhOoioplueai  lfasazin«,  7ol.  S3,  Ho.  1S7,  Oct.  ISSG.) 

0.   XZ&TXSZDB— BeU-Indaction  of  Wire*.     T.  C.    KBiniBIIHAUr- 

Electrical  Keaiatance  of  Soft  Carbon  nnder  Fresrare.    T.  OSA,T — Kew 
Stajid&rd  Sine  QalTanometer. 

(St.  IS8,  Nov.,  1886.) 
T.  OUAT — Electrolyiia  of  Silver  and  Copper,  and  Standardiaiiig  of  dUTeot 
and    Potential  Meters   thereby.      O.  BXA.TUII)S — 6elI-Iitdnctioii  of 
Wirei.    H.  TOXUIIBOII—Etleiit  of  Stien  and  Strain  on  the  Electrical 
Beaiitance  of  Carbon. 

(No.  139,  Dflc,  1886.} 

IrOKD  KATIiXIGS--8e)f-Indoction  and  Beristance  of  Oompoond  Con- 
ductors. B.  H.  H.  BOSANQTTST — Magnetic  Decay  of  Permament 
Magnets.    The  leniion  of  Linea  o{  Force  in  £lectro-Magneta. 

(Tot.  23,  No.  140,  Jan.,  1887.) 

0,  HEATXfODS— Self-induction  of  Wirei,  T.  OKAT— Silk  vtrtiu  Wire 
Smpensioni  for  GalvanometerH. 

(No.  141,  Feb.  1887.) 

S.  CAHET  FOSTEB — Method  of  determining  CoeEBcients  of  Matnal 
Induction.  B.  K.  X.  BOSAHQUXT— Bilk  v.  Wire  (as  a  Snspenaion  for 
GalvanometerB).    O.  HB&TZBISE— Self-induction  of  Wireii. 

(No.  143,  ifareh,  1887.) 

U)ES  BATLEZOH — Sebavionr  of  Iron  and  Steel  under  the  Operation 
of  Feeble  Magnetic  Forces.  W.  BBOWH— Eflfecta  of  Percnsuon  in 
changing  the  Magnetic  Moment!  of  Steel  Magnets, 


(Nature,  Vol.  S4,  No.  884, 7th  Oct.,  18SG.) 
e.  OABET  FOBTEB— Tangent  Galvanometer. 

(No.  886,  21rf  Oct.,  1886.) 
'■  KEEmB— Tangent  Scale  in  a  Qalvanometer. 

(rot.  SE,  No.  8DS,  9th  Dec,  1886.) 
^9,j,AUXIM—EIeetricChaig9oathah.towM. 


t70  ABTIOLEB  BEIiATIKG  TO  £LECTBIOITY,  Etc. 

(So.  896,  2Srd  Die.,  1886.) 
J.  C.  HoCOHKSIX — Enor  in  Maxwell's  Dednction  of  Equations  of  Ind 
Cnrrenti    from    Electro-dynamical     Laws.       T.    BIOOIV — Elect 
Phenomenon. 

(So.  896,  aoth,  Dec.,  188S.) 
S.  D.  OASDHEB — Electric  Clock  Alarom. 

(No.  897,  6th  Jan.,  1887.) 
H.  W.  WA.TSOH — Error  in  Maxwell's  Deduction  (see  anU). 

(No.  900,  27th  Jan.,  1887.) 
H.  W.  WATBOW— Magnetic  Theory. 


Fboccbdinqs  or  Botal  Socim. 


{Nature,  9tk  Dae.,  1B86,  p  142.) 
J.  BSOWn — Theory  of  Voltaic  Action. 

(Waiure,  3rd  Feb.,  1887,  p  334.) 
Dr.  J.  HOPKUTSOIT— Note  on  Specific  Inductive  Capacity. 

(Nature,  3rd  F*b.,  1887,  p.  334.) 
PrafesMT  QmVCXX — Dielectric  Constanta  of  Fluids. 

(Nahtre,  2ith  Ifareh,  1887,  p-  601.) 
W.  H.  PXEECE — Limiting  Distance  of  Speech  by  Telephone. 


(Ekdricai  Bevkui  qf  N-^a  r^rli.  Vol  9,  No.  5,  ind  Oct.,  1886.) 

The  Bright  Flatinam-plating  Process.     Electric  Bmelting.     The  Boberls 
Battery. 

(Wo.  6, 9th  Or!.,  1886.J 
Baton's  Ammeters,  Voltmeters,  and  Volt-am-meters. 

(Ifo.  8,  23i-ii  Oct..  1886.) 
New  Multiple  Series  Distribution  Itux. 

{N'i.9,30lhOd.,  IsaU.) 
The  Plush  Electro-magnetic  Protector.    Beojamiu'^  Uudergrouud  Sysle: 
Wires. 

(.V".  10,6Ui  AV.,  18S0.) 
C.    K.    CKOSS   and   W.    E.    SaEFABS— The-   Inverse    E.M.F.  of 
Electric  Arc. 

(No.  12,  aOHiW™-.,  168G.) 
'.  IiAUBIOL— Comtiariwn  between  the  (liferent  Systems  of  Transmii 
Motive  Power.    Luiig-distaoce  Telephony.    P.  BISUtN — Incandei 
Lighting  from  Arc-light  Circuits, 

(.Vo.  16,  ISt'vBfc,  18B6.) 
;  ■Welding. 


ABTICLE8  RELATINO  TO  BLECTEIOITY.  Etc. 
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(Bltrlririm  and  JEladi-icoI  Eagineor,  Vol.  5,  No.  68,  Oct.,  1886.) 

J,  O.  WHITU— Healing  of  Aerial  Oon-lnolora  liy  Eleotrii-  Ourrentn  (fcnliniiri.) 
Anon. — New  System  of  Time  Regulating  by  Eleotricit.y.  C.  HEUINO — 
Dynamic  Eleetricily  (<!Dntiiiu.ni!).  A.  8.  HICB3iBT— tMbonF  tor  Jiican- 
deKwnt  Lighting.  T.  C.  KAKTIll— Operation  of  Motom  from  Electric 
Light  Stations.    C.  C.  EASKIHB — Wire  Jointa. 

(To!.  5,.V.i.  f.9,  Noi„]88S.) 
C.  HEBJ NO— Dynamic  Electricity  (eoatinued).      C.   B.   CROSS— Melting 

kPlntinum  Standard  of  Ligbt.  J.  O,  WHITE— 11 -a tin ;;  ••(  Aerial  Con- 
ductor!! by  Electric  Currents  (eonrliidtd).  W.  S.  TUBrNBB— Proportion- 
ing C'lnduclors  for  a  given  Fall  of  Potuntial.  A.  E.  DOLBEAS — 
Electric  Comraanication  without  Wires,  C.  HEBIHO — Pritclical 
Deduotioni  from  the  Franklin  Institute  Testa  of  Dynamos.  C  C. 
KASKUrS— Electrio  Lighting  and  Aerial  Wires.  H.  IiEHF— DUtribu- 
tioD  of  Atr.  and  Incandesceat  Lamps  on  tlie  same  Circuit. 

P  (  Vol.  6,  No.  60,  Dee.,  16B6.) 

W.  A.  ANTHOITT — Measurement  of  Small  Variations  of  Bjici^d  :iiid  of 
Al«iilu(L-  Number  of  HPTolntions  of  Machines.  E.  I..  FBENCH— 
Relation  betneen  Magnetising  Forre  and  Coreof  a  Magnet.  C  HEBING 
— Dyoamie  Electricity  (aralinacJ).  O.  W.  BLOOQETT — Application  of 
Electricity  to  Railway  Signalling.  O.  Jti.  KAKDT' — Application  of 
Bailway  Signals.    B.  H.  TETmSTON— The  Great  Brush  Dynamo. 


I 


C. 


I 


(Fol.  (i,  Nr:  Gl,  Jan.,  1837.) 
HEBIKO— Incandescent     Light     Leails-       O.     H.     BEUIHaiON- 
Griuwold'a  Electric  Turp^do  BuiLt.    C.   HEBINQ — Dynamic  Electricity 
{ronlinihrd.)      T.    U.    HILIrBB — What  is  Electricity? — A  Suggestion. 
T.  C.  HABTIV— Electric  Ktreut  Can. 


I 


(Kof. 'i,  Nf>.  62,Fet.  1887.) 
B.  SNTDEB— The  Electrical  Exhibition  and  Pure  Research.    Anrm. — 
Mr.  W.  G.  Lcvison's  Focusaiug  Arc  Lamp,    Profsasor  W.  A.  ANTHOVT 
— The   So-ciillfld   "Dead"    Wiru  on    Dynamo    Armatures,     Arum, — New 
Electric  Motor,  ■■  C  and  C." 

(7oI.  6,  So.  63,  March,  1887.) 
BBOOES — Ecoiinjiiy  and  Efficiency  of  UndBrground  Electrical  Conductors 
111  Cities.    J.  WETZliEB — Incandescent  Lij^litsun  IIigli-t>>tinion  Circuits. 

IC.  C,  HASKIMS-''F.irHit;hlii™lation."  P,  J,  SPBAOtfE-Kk-clric 
Motors.  WILLIAM  BAXTBB— Electric  Mutoia.  J.  FUJISKA— 
ProgreM  ol  Electrical  Kngint-iiTiDg  in  Japan.  8.  S.  WHEELEB — 
Practical  Bequirementa  of  Bmall  Motors. 


B. 


(Srifntijk  AnKriean,  Vol,  65,  Mb.  14,  2«ct  Od.,  1886.) 
H.  SOPJCTirai- r/jt^Demagnetiwttionot  WatctacH. 


S7t  AETICliEB  REI^ATING  TO  ELECTRICITY,  tire. 

{^o.I6,aiAOB(,  1S86.) 
E,  L,  mCHOLS — InflDenceof  Magnetism  on  Chemical  Beftotion. 

(S>:  16.  mh  Oct.,  1886.) 
Aann. — Electric  Lamps  for  Ocial  Minen. 

(So.i8.aoth0ei,ia8e.) 

Jfwn.— A  Simple  Method  of  Lnaalating  Under^onnd  Wins. 

(y...  19.6tM.W.,188«.) 
Anvn. — Tbe  Electro-Orteotoine. 

CJf.'.  20, 13Mk  ir«i,  18B6.)  

Anon, — Royal  H.  Home's  Telcphcine.    Qarcia'a  Electric  Clock.   Dynimo  Golom* 
at  Work, 

(Nn.  22,  L^lh  W™.,  1886.) 
Jiwn. — Electric  Beiiitauce  of  Carbon. 

(iVo,  2S,  Uh  Dfr.,  1888.^ 
JiKHt.— Deprez's  Oalvasoin<;ter.    Magneta. 

(.V.'.  26.  iSlh  Bet..  1BB6.1 
Jntm, — Bareenfs  Telephone  Traniinitter. 


(JouMwl  i!f  n«  *>(willin  rniHtuI*.  Tol.  193,  Wo.  730,  Oct.  I88G.) 

Dr.   B.  H     THUBST ON— The  Great  Bmah  Dynamo.     Frofeaasr  C.   17 

HLiBERT— l.li-iiiipij''ii.ion  of  certain  PrijducU  from  the  Cowles  Electric 
Purnaee. 

(Fo(.  laS,  m.  731,  Nov.  1886.) 
W,  U.  SCHLESINGEB — Bjst^xa  of  Electrical  Trannnission. 

(,761. 322,  Fo.732,  Der.  1886.) 
ProfeiBOT  H.  B.  SHTDEK— The  Electrical  ExhibiUou  and  Pure : 

(  Vul.  123,  No.  733,  /an.  1887.) 
Frofeuor  £.  J.  BOHSTON—Citn  the  Original  Reis  Telephone  tranitmi 
Intelligible  Bpeecb  P 

(Cainptti  JiradtM,  FoE.  103,  1S86.J 
No.  1.— B.  HOUTT — OonductiTity  of  Mixtttras  ol  Neutral  Salts. 

No.  2. — A.  miiLOT — Bleclrolytusof  An  Ammoniacal  Electrolyte  will)  Oarb 
ElectrodeE. 

No.   3.— BAB  ADSL— Telephonic   Experiment?.      H.    UOISBAIf — Decom- 
position o(  lljiirofluorio  Add  by  the  Electric  Cuireiit. 

No.  4,— BICBAT  and  BL01TDI.OT~Abscilute  Electrometer  for  vary  Hig 

Fot«!itiale.     O.   CABANEL  LAS— Deli  nit  ion  of   Ih'.-  C'^cffirienl  of 
Induction  of  an  Electro- iiiitgiietic  System.    H.  H0ZS8AN — DecwoB 
tioa  of  Hydroflaoric  Acid  bj  the  B\ecViic  G"anwA. 


"so.fi.- 
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So.fi. — H,  LEVT — Deprez'i  Esperimeiutit  At  Creil. 

Ko.  T^-J.  IiANDEBEIt— Kature  of  Earth  CnrreuU. 

So.  10.— J.  LAin>EKEB— Natari-  of  Eurth  OnrrunU. 

So.  II. — LITVINI— Experimentfl  on  tlic  Conductivity  of  Ciases  and  Vftponri. 

No.  IC— J,  STANCK — PoMibilily  of  Htvering  Balloons  by  Magnetism. 
PEIiLERIN—Anomaly   in    tlie    iLppireul   Reiiatance   of  kn   Btectro. 

Mugiiet. 

No.  17. ^-H.  DEFKEZ—lnUnully  of  Uie  Maf^etic  Field  in  a  Djnamo.    B. 
^B       FONTAIHE — Transmisaiou  of  Power  by  DjnamoB  coapted  in  Series. 

Ko.  18.— M.  DEPBEZ— Note  on  Funuunc'a  Experim-nt!'.  CABANELIi&S 
— FoutuiQu'ai'Uiiuf  putting  DjnAinoK  in  Series.  OUHIDS  aadliAKAT 
— On  tlio  Contractioos  of  Living  Tjbsuf  brongbt  about  bj  Polarisation 
CiirrentB. 

Xo.  19.— DSFKAT— UoiHtan'g  Expariiuenta  on  the  Separation  of  Fluorine. 
H.  FONTAINE- Beply  toDeprez's  Kenutrlis. 

No.  20. — E.  BOUTT — Meaaiirament  of  the  OondtictlTitj  uf  FuaiKlGtilorLdeof 
Potaaaium.      LESDC—Variutinn   of    JUa^etie    Field    produced  by   an 

*      Electro- Mag  net.     J.    CUBZE — Belatiou    between    the    Conductivity  of 
Dielectrics  imd  their  Absorbent  Power. 

No.  II. — DECHABOCE — ESeet  of  the  Uovement  of  the  Indnctor  on   the 

MftKnetic  ot  Electric  Influence. 
No.  23.— FIZEATT — Establlsbment  of  Light  in g.Boda  on  Collegiate  Buildings. 

I  So.  i'L — A.  VABCHT — Nature  of  Electric  Actions  in  an  Insulating  Meilium. 
h     FELZ>AT— Absolate   Electro  .Dynamometer.      CASSAGNEB— titeno- 
I      telcgrapby. 
I  (Vol.  104, 1887.) 

Vo.   I.— H.   POINCAKH.E— Distribution  of    Electricity.      A.   VABCHT— 
Nuturi;  of  Elfcirio  Actions   in  an  Insulatiug  Metlium.    F.  DHHEH— 
^k      Electric  Pressure  and  Electro-capillary  Phenomena. 

No.  3. — E.  HARCHANS— ^Simultaneity  of  Solar  Phenomena  and  Magnetic 

•     Disturliancf^s.   T.  StOUKEAVX— Present  Talae  oftbe  Magnetic  Elements 
at  Pare  Saint  Manr  Observatory, 

Ku.  G. — B.  BIiONDI^OT — Transmission  of    Electricity  of    Low    Potential 

•     through  Warm  Air.    IiEDUO  —Variable  Feriod   of  Currents  in  Circuits 
comprising  an  Electro-Magnet, 

Ko.  G.— BUTE B— Electrolysis  of  Alkaline  Bolntiona. 

Kol  7.— NEOBEANO— Specillc  Inductive  Power  of  Liqaids.    B.  ABNOVX 
— Vanahle  Period  of  CurrentB  in  an  Electro -magnetic  Byslcm, 

Ko.  8.-4.  CABANELL  AS -Determination  of  the  Flow  of  Force  of  Elect.ro- 
l^m     magnetic  Bygtems.    B.  ABNOUX — Metliod  of  determiiung  tlvft  Slnii  q^ 
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No.   O.—L.  DE SCR 0 IX— Connection   lietveen  Eartiiquakei  aod  Uftgnet 
Tarial  Kills. 

No.  lO.— UA8CAKT— On  the  Mngnetia  EfTecta  oE  EnrUiqnalie^.    KASCABT 
— On  the  Determination  of  Folea  in  Mngneta.    E.  DEUAKCAT — tipectn 

of  Sparka  from  Induction  Ctiila  witU  Large  Wire. 

No.  11.— OOUT-Btandan!  Cell. 


(Joum/il  dt  FhijtinMt,  Vol.  5,  Sept.,  1886.] 

F.  K0HLSAD8CH— (.'ondQctivity  of   some    Electrolytes   in    reiy  DCd 
Aquaous  Bolutiuna. 

(Fol.  B,  Ort„1886.) 

G.  BEBSON— ICITvct  <if  T«mpei-atiire  ••d  Mafnietigation.     E.  BICHAT  and 
K,  BLONDIiOT — Absolnte  EU'ctrc-ineter  for  verj  High  PoieuUali, 


{  Hj?.  6,  ar.,  188(1.) 


E. 


BOUTT—Tran  slat  ions  of  "U  Nnovo  Cimento,"  vii:— T.   CAI.ZECCHI< 

OITESTI— Couiiaclivily  of  Mi;lallio  Filings.    TOSCANI-Tlie  Internal 

Work  of  aBntlery.    A.  ITACCARI  and  Q.  OtIOLI£I.UO— Be&ting  ol 

BlectrodeB   in   Higlily-ruretted   Air.     P.  CABDANI — DuratiDti  of  Blow 

Diichavges.    A.  BIOHI— Vhotogmplis  of  Elti'tnc   Sparka,  especially  in 

Water.     C,  CBISTOHI — Value  of   the  Mngnetic   Elements  at    Home, 

3B83&    A.  BOITI— Ad  El  ectro-Ciilori  meter.    H.  FERRAJtIS— Te^U  ol 

a   Ouulard-GiLibs    Secoiidaiy    Generator.      A.    BIGKI   and   A.    TAM- 

BUBINI— Kxpcrimeuti  on  the  Action  of  Ungnete  and  Thermal  Ageut«  in 

■Hysteria. 

{V..I.  B.  Jan.,  1887.) 

BOTITT — Condaclivity  of  Medium  Baliiie  Solutions.    H,   IiE  CHATB- 

XIEB — Measurement  of  Bigh  Temperataresby  means  of  Thermo-electric 
Couples.  A.  WITZ — III  tensity  of  the  Eai^b'x  Magnetic  Field  in 
Buildings. 

(Vul.  e,  F«(..,  1887.) 
ZiEDEBOEB — Determination    of    the     CoefHcient   of    Self -Tod  action. 
COIiABDEAU  —  Magnetic     Images     produced    by    Feebly  -  magnetic 
Subsiittiivs. 

(FpJ.  6,  Mar.,  1887.) 

B.  BLONDLOT— Experimentaon  the  transmiseion  of  Lovr-t«nilon  Electricity 
by  Hot  Air.  BUTE B-— Electrolysis  of  Alkaline  Solutions.  COIiASt- 
DBAU — Effect  of  Mngnetiim  on  Chemical  Keactiona. 


B. 


P. 


{La  Ltmidrt  EUdrvrM,  Vol.  29,  No.  40,  Snl  Oct.,  1886.) 
ACHARD— Tliiory  of  Shunt  Djnamos.  A.  MINET— Standard  Cell*. 
F.  H.  LEDEBDER— New  Dead.beat  Quadrant  Electromei^rs.  J  p. 
ANNBT— Practical  Installation  of  Accumulators.  A.  RIOBI— 
llesearches  on  the  Itefteotion  of  Lis^ht  from  the  Pole  of  a  Slngnet. 
X.  BOUTT— Conduct  ill  ty  of  some  Electrolytes  in  very  Dilate  Aqueous 
Solatioua. 
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{No.  41,  9th  Oct.,  1880.) 
A.  aUNET— Standard  Tollaineter.     P.  H.  ZiEDEBOEB— New  Dend-beat 
Qaadnint  EleitroiuHtern.     J,  p.  ANNBT— I'ratticBl  Iiiatallaiion  of  Ac 
cnmuIatOTB.    O.  mCHABD—i:  lee  trie  lUgaLiturs.     a.  PELLISSIEK 

I     -The  Electric  Maciiiiie  of  ilie  last  Century.    A.  BIOHI— Re aea relies  on 
the  Hefleotion  ot  Light  from  tUe  Pole  of  a  MagtiBt.    QXXE—A  Photometric 
Uetbod.    Anon. — Bleatric  Apparatus  for  Stopping  Teuth. 
(JTo,  M,  16th  Oct.,  1886.)  ' 

t.  FAXSHEBI— Static  and  Dyiuimiu  Electricity  in  the  Air.     A.  UINET 

k— StaiuUrd  Cells.    Q.  PELUSSIEU— The  Electric  Machine  of  iho  liiat 
Century.      J.    P.    AinTET— Fnictical    iDstallntioD    of   Accunialaton 
A.   BIQHX — Beoearcbcd  od  the  Bedectiuu  of  Light  from  the  Pole  of  a 
Jlagtiet. 
■  (Nd.  43,  2Srd  Oet.,  16S5.) 

^9.  H.  IiEDEBOEK— New  DeiLd-beat  Qnodrant  Eleetrcimetera.  A.  X. 
TANKER— Historical  Btetch  of  Duplex  Telegrapliy.  A.  miTET— 
t^raiiiUi'd  tvlln.  C.  SECHARHE— MugD(?tic  Images.  I,ECOQ  DE 
BOISBAUDKAN— Fluoiteuenct^  ul  Bismuth  Ciinipuunds  exposed  to  the 

t  Electric  Discharge  in  Vacuo.  E.  VAIT  AUBEL — Experiments  on  the 
Ktlvcl  ol  Mngnetiem  on  i'olarinition  in  Dielectrios.  A.  RIO^ — 
Beaeurchea  on  the  HeDection  of  Light  from  Ibe  Pule  of  a  Magnet, 
J.  KAREIS— Electric  Fire-Alarni. 


(Nc.  a,  30th  Uct.,  1886.) 

^  J.  BOSOUAN — Experiments  uu  the  Propagatiou  of  Electricit]'  in  Air. 
P.  H.  LEBEBOES— Measuremont  of  ReslKtaDCea  by  the  WbeatBtone 
Bridge.  A.  UINET— Siaiidard  Cellf.  0.  DECHAZtHE— MagneUc 
Images,  J.  P.  ANNET — Pnictical  Inalallatiou  oE  Ace u mill atora. 
B.  EBiUOEH, — Xew  Method  for  the  Heaauremeot  of  a  Vertical  Mogiietio 
Field.  A.  BIOHI — Eestarcbea  on  the  Keflectiou  of  Light  from  the  Pole 
of  ft  Magnet.  Anon. — New  System  of  Loog-distiince  Telephony.  Kew 
Electric  Water  Gauge  for  Boiiere.  A.  S.  HICKLET— New  Method  ot 
making  Carbon  Filaments, 


^P  [No.  46,  eth  Nov.,  ISBS.) 

9r.  A.  TOBLER— Submarine  Tblegrapby  at  the  Marseilles  Oentral  Station, 

I  Dr.  J,  BOROUAN— Exp^'rimenta  on  tlie  Propagation  of  Electricity 
in  Air.  P.  K.  LEOEBOER  —  Measurement  of  Resistances  by  the 
WheatsU'ne  Briilgt.  A.  UINET— Eluctrolyaia,  J.  P.  AVHET— 
Practkcul  liulallBtiou  of  Accuuiulalors.  H.  DEPRBZ — Inttiinity  of  the 
.VUkgnttio  Field  in  Dynamos,  H.  FONTAINE '-Tr:uismission  of  Power 
by  Dynamos  coupled  inScriea,  £.  E.  BLAVIEB — Switch  forBadi^et'B 
Lumps.  A.  KIQHI— Beeearches  on  the  Reflection  ot  Light  from  the 
Pole  of  u  Uagnet.  J.  WETZLER— Professor  M.  U,  farmer's  tK-N 
AtraageiOi'nt  for  Tifle^aphy  by  iiidiituj  L'urveiils. 
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(.Vo.  «.  13th  Nm'.,  16860 
J,  BEBTBAND— LeBRons  on  tlio  M atbe in aticul  Theory  of  Electricity.  O. 
BICHABD—Orapbophoiies.  A-  HIHET— Electro] y sis.  J.  p.  ATOST 
— Practical  laslAllalioD  of  AccaniQlalors.  HI.  DEPB.EZ — FoDtaine'i 
Experiment!)  on  Transmission  of  Power.  OHNIUS  .^nd  LABAT — 
Contractions  of  Livin);  Tissue  brouglit  a1x>nt  by  Folarisntion  Carrenla. 
8.  KZUHIEB — Peculiar  Su1i3tanceiletived  fromaMeteor.  1,.  WXBZB 
—Apparatus  (or  lleasuriiig  thu  Degree  of  Ulaaiination  of  n  Boom.  J. 
WETZZ.EB— SprngTie'd  Syitem  of  Electric  Bailwuys  applied  to  the  New 
York  Elevated  BoHib. 

(No.  47,  iWh  Nov^  Ism.) 

B.  KABXHOVITCB— The  Lisbon  Time-Ball,     Dr.  STEIM— llxhibiUon  of 

Eleftru-in..-diciil  Apparatus  at  Berlin.  A.  IfflNET^EItfctri .lysis,  A. 
SBBBNZT — A  Smgnlar  t[eteor.  DEBBAT — Moiesild's  Experimeuti 
on  tli<^  Separation  of  Flaorins,  SL  rONTAINE— Beply  lo  Deprc?.'^ 
Bemarks  on  TrnjisniiHioii  of  Power.  A.  BIDHI — Eetifarcbea  on  iliv 
Euftection  of  Light  from,  the  Pole  of  v.  nisgoet.  J.  WBTZZ^B— 
Bp nine's  Electric  Motor*. 

(Nn.  U,  mh  Sm\,  lasG.) 
L.  PAIiBHEBI — Necessity  for  using  a  Condenser  to  ihow  the  ElectHcity 
produced  by  Liquefaction  of  Steam  on  lowering  the  Teniperntiire.  J, 
BERTBAITD— I^eBsons  on  the  Mathematical  Tlieory  of  Eleclrioiiy. 
P.  H.  LESEBOEB— Uie  of  Iron  in  Dyuamos,  A.  UZNET — Klectro- 
lysis.  Dr.  STEIK— Ethibition  of  Electro-medical  Apparatus  at  Berlin. 
J.  P.  AM NB1— Practical  Installation  uf  Accumulatori.  IiEDTJC— 
Cliangi;  in  a  Mugnetic  Field  produced  by  an  Electro- Magnet,  J.  CXTBIE 
— Relation  between  the  Coniiuctivity  of  Dielectries  and  their  Absorbent 
Power.  A.  BIOHI—Researchea  on  the  Bellection  of  Light  from  the 
Pole  of  a  Magnet. 

C.  SECHABUE. — Effects  of  the  Uotion  of  the  Indactor  on  the  Magnetic  oT 

Electric  InOaence.  J.  BEBTBAITD— Jje£Bons  on  the  UathematioBl 
Theory  of  Electririly.  P.  H.  LEDEBOBB— Use  of  Iron  in  Dynamof. 
A.  BIQHI — BoMarclies  on  the  Beflection  of  Light  from  Ibe  Pols  of  a 
Uagnei.  J.  WETZIiEB — Field'.*  By  stejn  of  Electric  Bail  ways.  Buberi'H 
Peroxide  of  Lead  Bai  k-ry.  P.  STBABS~ObM^rvntionH  i.if  Lightning 
atioheB  in  Belgiom. 

(_N.<.  m,  nth  Dec,  isae.) 

p.  JL  LEDEBOEB — Determination  uf  a  Coellicient  uf  Mutual  Indnctimi. 

J.  BEBTBAWD— LeasoiiH  on  tbo  MiithemaiJcal  Theory  of  Electricity. 
TBUCHOT  ajid  COLABDEAU— Regulation  of  Shunt- wound  Dynamos. 
C.  DECKABHE — Maffautic  Iniuges,  A.  BIOBI~Beseurcbe»  on  the 
Beflection  of  Light  from  tht-  Pole  of  a  Mitgnei.  C.  B.  CBOBS— 
JSxperiineBta  on  the  Standard  of  Iiigbt.  F.  STBABD— Ubservatious 
a/  Ughtahig  Strukes  in  BeLgiom. 
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(H'd.61,  I8(AScc.,lSfi6.) 
BICHASD— Ti-ltipbonea.  F.  H.  LUDEBOEB-^Usa  of  Iron  in  Dynamoa 
J.  S£B,TKANI1 — LeBSuiis  un  Uie  .Miit  li'.'miitical  Theory  of  Ekctricity. 
E.  >IZ:TI.AII— A  New  Voltaic  Arrangement.  C.  DECHAKM^^ 
MBgiiudc  Imug«s.  J.  F.  AITKIIT — Practical  IiiBlatlation  of  Accuiuu. 
luturs.  Jmiii.— Ee]mrt  In  the  Acailemy  of  Sciencu  on  Liglitning-Conducwini 
lor  OoUogi^s  ana  BuildinLjs.  L.  SE  PLACE  and  BASSEE-CROSSE— 
Quantity  and  Tension  Fiue^.  A  KIOUI — Kt^senrches  on  I  he  Hi^Ilcctioa  of 
Light  from  the  Pule  of  a  MAgael. 

(Sa.  62,  ibik  Ihc,  18BC.) 
IiB V T-^Be port  on  Deprez'a  Experimeuta  on  Trangmiasion  of  Poner. 
J.  BBBTRAND— LesaodB  un  thi^  Malhematicai  Theory  uf  Electricity. 
O.  SICKARS— Telephones.  F.  H.  I>EDEBOXB— Uie  of  Iron  in 
Dyn^unoE.  A.  VASCHT — Natare  of  Electrical  Actious  iu  an  Inmlating 
Mi^ilinTii.  PEItLAT — Absolute  Elect ro-Dyn;imometer.  Q.  A.  CAS- 
SAONX8 — Stt:iiu- telegraphy.  A.  BIGHI — Bejuarchea  on  the  EeHt^ctioii 
of  Li|;hc  from  tlie  Pole  of  a  Magnet.  Anon. — Montaud's  Accumulator. 
Dr.  H.  KZCHAXLXS— The  Use  of  the  Microphone  for  detecting  Leaks 

of  Water. 

(Vrt!.  23,  W).  I.  I<(  Jnn.,  1887.) 
HABINOVITCH— Dr.  Herz's  Button  Teleplione.  B.  T.  PICOU— 
Qraphic  Tlieory  of  Gontinaous-curreiiL  Dynamos.  T.  IiAKBOQUE — 
Origin  of  AtmoipheTic  Electricity.  A.  NACCABJ  and  A.  BATTELLI 
— Faltierf  lienomL-non  in  Liquids.  J.  WETZLEB — Former's  Teleplionic 
Belay.    C.  MEHABBBA— Telegraphic  Commuciicatiou  with  Trains  in 

Motion. 

{Np.  2,  8th  Jan.,  1887.) 

ELIE — Efjuipotenlial  Linea  and  Lines  of  Flow  in  a  Plane  Anisotropic 

Conductor.      E.    V.    PICOU— Grapliio    Theory   of   Continuous-current 

Dynamos.    F.  LABBOQUE^Origin  of  Atmospheric  Electricity. 

(No.  3,  15(^  Jan.,  18S7.) 
BATEBOT — DimeniL'^DS  of  Physical  Qiianrilie^i,  P.  H.  LEDEBOSB 
^Definition  of  Coefficients  of  Induction,  B.  T.  PICO U— Graph il^ 
Theory  of  Continuous -current  Dyiiumo?.  P.  OEBALST — Central 
Electrical  Laboi-atory.  K.  H.  POIBC ABBE— Distribution  of  Elec- 
tricity. A.  TABCKT—Nature  of  Eluctrlc  AcUdds  In  an  Insulating 
Medioin.  F.  SUHElff — Electric  Prasinre  and  Electro.oapillAry  Phenom. 
ena.  J.  KOLLEBT— Very  Sensitive  GalTanometBr.  J.  WETZ^EB 
— Bell  Telephone  Bnit.    New  Water-level  Indicator.    Telegraphic  Relay. 

{No.  4,  aamt  J.U,.,  1897.) 
H.  X.EDEBOEB— Pellat's  Absolute  Ammeter.  C.  BEIOlflEB— Kelations 
bblwecD  Elasticity  and  Magnetism.  E.  SLARCBAITD — SimultauHty  of 
Solar  Pbenomena  and  Magnetic  Disturbdnccn.  T.  UOUBEAU3E — Present 
Value  of  the  Magnetic  Elements  at  tbe  Pave  Saint  Hanr  Observatory. 
Dr.  JAE — Variations  in  KvsIstancG  of  Antimony  aud  CobaU  u\  \,^\% 
UogueUc  i''Je;</.    J.  WfTZLIiB— £liliaThomacia'B£^cXTva^«.\>^B%. 


Sn  AHTICLE8  EEEATraO  TO  ELECTBIOmr,  Bic 

(A'fl.  6,  aSih  Jan.,  1887.) 
B.  ELXE — Eqnipotential  Lines  nnil  Lioea  of  Flow  in  a  Plane  AniBotropic 
Conductor.  O.  SICHAHD — IlEtaili  of  Dynamo  Con  (traction.  X. 
METIiAlf— I'ieper'B  Arc  Lump.  B-  JHEV DO ITHE— Electric  G»DgM. 
L.  ARONB— E-M. F.  ot  the  Electric  Art.  Anti.—EM.t'.  of  the  Electric 
Arc,  Dr.  K.  MICH AEI.IS— Ignition  of  Eiploeive  Mixlures  and  of  Fire- 
damp by  Electic  Sparks  awl  Infandescent  Filaments.  J.  VETZUEiB 
— TbomKn'iBegulBtorfor  DynamoB.  NewArrangementut Silver Cbloride 
Oelli.    Kendall'!  Tbenuopile.    Field's  Eextnple  Telegraph. 

(.Vo.  C,  5a  Feb..  1887.) 
P.  HASCILLAC — A  Balloon  Ascent  for  the  Study  of  the  Distribtition 
of  Aiijiospiieric  Electricity.  C,  DEC HAKUB— Magnetic  Imago. 
a.  BICHASD—Telepbonea.  E.  DIEDDONNE— Aii  Electric  Oan- 
ductor  for  an  Orchestra.  A.  MIBXT  —  Electrolytic  Rewarchei. 
W.  KOHJ^KAUSCB — Use  of  SiemetiB  T<.<r!>ion  G,ilvanomet«r  for  the 
Measurement  of  Btrnn^  Currents.  T.  EDELUAITN— Pocket  Slirror 
Galvanometer.  H.  KIMSTEDT— Determination  of  "i."  J.  WETZX.SX 
— Abgterdam's  New  Telegraphio  Combination,  Aliuninium  aa  a  Battery 
Electrode. 

iSB.7,}2thm..  1887.) 
O.  HrlCHARD — The  Electric  Lightboaies  of  Mocqaarie  and  Tino.  P.  H. 
LEDEBOEB— Elect ro-KIn^i ell!.  C.  BECHNIEWSKI— Efficiency  of 
Dynu  111.1*.  B.  KABIHOVITCH— O'Ketnan'a  Automatic  Battery. 
£.  KETLAN — BeLent  Besesrcbea  on  Hagnetism.  A.  MIIVET — 
E!ectro]ytical  Besearchea.  K.  BLOUDLOT— TrHnsiuisaion  at  Electricity 
of  Low  Potential   thriingh   Warm  Air.     tEDUC— Variable    reriod   of 

OarreniB   in  OircuiU  comprising  an  Electro-Magnet.     J.  WETZZiER 

Irish's  Electric  Bounding  Apparatns. 

(Nn.  8,  19th  Feb.,  1887.) 
B,  KETSCHE — Safety  Appliances  for  Electric  Lighting.  C.  BEIGNIER 
— Qraphii!  Ht:pre!<eTitatioa  of  the  Equation  of  Transmiatiiou  of  Power. 
P.  B.  LEDEBOEB — Measurement  o(  the  EJI.F.  of  Decomposition  of 
an  Electrolyte.  B.  DIEUDONNE— Electric  Gauges.  A.  UISTBT — 
Elect  rolytical  Besenrcbee.  U.  DUTER— Electrolysis  of  Alkaline 
Holntioni.  A.  BIOHI— Eeflection  of  Polarised  Light  from  the  Equatorial 
Surface  of  a  Magnet,  J.  WETZLEB — Improvetuenls  in  SyucUronoat 
Multiplex  Telegraphs. 

{No.:>,26thFeb.,\e67.) 
O-ZABTADT— ThtoryofUnits.  TheC.G.S.Sjgtein.  C.  KECBN7EWSKI 
— Djuoinoa  us  Generators  and  Motors.  B.  DIBUDONNi;— DL^rces  of 
Vacuum  in  Glow  Lamps.  A.  HIDET — Electrolytii-al  Beseurches. 
NEOBEAHO— Specific  Inductive  I'ower  of  Liquids.  B.  ABNOVX— 
Variable  Peiiod  of  Current  in  sn  Electro-magnetic  ByBtem.  J.  WETZLEB 
—The  Dovies  Aluminiom  BmelUn^  Co.   '£Auav^»llew  Wice  Qange, 
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(No.  10.  ah  2lar.,  1887.) 

L.  FAIiMZEB.1— £leclriciC}-  rau&ed  bv  the  Formation  at  Fogt.  Q.  BICHAKD 

^fc  — £lectric  Tviimwa^s.    E.  DIEUSOinTE— Cegreei  uf  Yacuuin  in  Glow 

^"   Lampi.    C.  REIOiriEK — Use  of  Rhuostata  as  Eegulntors  for  Electric 

Light.    O.   CABANELLAS — Determi  nation   of  llie   Flo-n-  of  Foreo  of 

»£l«ctro-ma^ii';tie  Syntema.  K.  AZINOUX— 'Method  of  ilcterminiug  tlie 
Flow  of  Induction  which  travtvses  an  Elcclro-ni.ignetii;  System.  O.  H. 
WTSS— Measurement   of    the  Coefficient  of   Self-Ind action  of   a   Coil. 

■  A.  BIGHI— Be  flee  linn  oF  Polarisei!  Light  from  the  Equatorial  Surface  of 
a   H&gnet.      Xtr.  H.  HICKAEUB— Working  Metals  by  the   Electric 
Cnricnt.    J,  WETZLER— New  Switclibmird  fur  Electric  Light.    Diehi"» 
,      IndacUon  TrangloraierB  for  insertiDg  Glow  Iiamps  on  Arc  Lamp  Circuiti, 

V  <.^°-  II'  13th  JTor.,  1S87.} 

V.  B.  FBEECE— Maxim  am  Distance  for  Telephony.   E.  KABISOTITCH 

—A  Time  ConcUr  for  Eleetrio,  Light.  P.  H.  LEDEBOEB- Practical 
Measuretnetit  of  very  Small  BcEiBlancex.  E.  DIEITEONNE— Etectro- 
tcchnicat  Names  and  Dcfinilions.  K.  FAXIiAZ — Becent  Exp^ri meats  on 
Glow  Lsmps.    It.  DESCEOIX — Connection   hetivi^en  Earlbqualtes  and 

I  Magnetic  Viuiatiorn,  C.  CROSS— Li tensity  of  Telephonic  Currents,  E. 
COLARSEAU— Magnetic  Images  produced  by  Feebly-magnetic  Bodies. 
(^0. 13,  19th  Mar.,  1887.) 
B.  XDLUin)  —  Besi^tance  of  Oases.  E.  DIETTEOmTE— Nevr  Cosine 
Photometer.  F.  aERALDY—Loi>c-distance  Telephony.  Er.  BZCHARS 
— Electric  Governors.  C.  EECRARUE — Magnetic  I  magi?  <i.  UASCART 
— Determination  of  tlie  Fules  of  Magnets.  C,  A.  UEBICS— The 
Electric  Arc  in  Liquids,  J.  WETZLEB — The  Brush  Electric  Light 
StAtJOD  at  Philadelphia. 

(ffo.  13,a«Mirar.,'l887.) 
FALHIERI — Ciinses  i.'f  the  Variatious  of  Inieniity  of  Dry  Piles.  D. 
MAPOEI — Arooric'n  Direct  Call  for  Telegraph  Stations  on  a  Single  Line 
Wire.  A.  MINET—Elec truly  licHl  Beaearchea.  Jj^n.— Measurement  of 
Tery  hov  Prersures.  C.  REIQNIBR— U«e  of  Bbeostata  ast  Kegulaton  of 
Electric  Light.  P.  R,  HXTLLEK— E.M.F.  and  Polarisation  of  Earth 
Plates.  A.  BATTELLI — Influeace  of  Magueiiam  on  theThetmsl  Con- 
dDotivity  of  Iron. 


I 


I 


(L'EleftricitH,  Vol.  10,  No.  181,  2nd  Oct.,  188(1.) 

.. — Indnttrial  Standardising  ot  UklTacoDieters  by  Qray's  Electiolytioal 
Process,    Flamacbe's  Block  System. 

f  (Ho.  183,  »h  Oct.,  me.) 

E,  HOSFITALIER—Ezperjineiits  on  tbe  Electrio  'Xt&iitmiM\auci\'SQ'<ii«»< 
Axen. — Eadi't  Electric  Lock  aad  Latch, 
VOL.  XVI,  19 


MO  AETIOLES  EELATISO  TO  ELEOTIlIOn'T,  Eic.  ^M 

{h'o.  ISS,  16(^  Od.,  1836.) 
A.  OTTHBHABJ) — Beii  Arrangeuieut  of  Elecirodes  lor  Electrolytic  Analyni. 
Alum, — Gadot'a  New  Plates  fjr  AccumulaWts,      Electric  Eesiatance  ol 
Wood. 

{Ho.  las,  aoift  Orf.,  less.) 

IE,  roSTAIlTE— Transiiiisaion  of  Power  by  means  of  Dynamos  coupled  in 
Bsries.   A.  BXiTBTIEa— U^e  uf  Cumpressed  Cocoa-nat  Fibre  in  Batt^riea. 

(.Vo.  180,  dth  Sm:,  1886.) 
A.  BETHIEB — Uie  of  Compressed  Cocoa. nut  Fibre  in  Baiter'ttM.    Antm.^ 
Electric  CommuDicatioD  on  Iha  Trains  of  the  Orleans  Oompau;. 

{No.  1S7,  13tft  Nov.,  ]88S.) 
H.   DEPREZ— Electric    Transmuaion    of  Power.      O.    &OnX— CoonUr 
E.Ti.F,  of  the  Voltaic  Arc, 

(No.  188,  mh  Nov..  19S0.) 
Anm. — Vie  of  ElectroljBia  for  the  Treatment  uf  Cupper  Orel. 

(Wo.  180,  27^  Kct'.,  188G.) 
E.  EOSFITAXIER— ^bgoetiu  Geaietaace.    Anon. — Dupler  Telephony. 

{No.  UK),  ilh  Dec,  ]8SC.) 

B>  HOBPZTAIXES — Fontaioe's  Experiments  on  Electric  Transmitsion  of 

Power.    B.  ABNOUX— Inteniity  of  the  Magnetic  Field  in  Dynamoi, 

(Wo.   ID],  lllh  Dec,  lf86.) 
E.  HOSFITALIEB— C.ilcul.itlonof  the  Dimension!  of  Oontinaous-onrrcot 
Dynamos.     Dr.   BOUBET  DE   FABIS—New  Method  of  Printing  by 
Electricity.     A.   BULLE— Deposition   of   Palladium    bj   the    Gle«tne 
Cnneot. 

(m  19Z,  lS(ft  Dtc,  1S3B.) 
E.  BOBFZTALIEB — A  Feculiiirity  iu  the  Practical  Working  of  Arc  Lampa, 

(No.  193,  S5th  Dec.  188S.) 
E.  HOSFZTALIEB— ManiifACtnru  and  Use  of  Incandescence  I.ampB.    dtum. 

— NflW  bignailiug  Apparatus  between  Signal  Boxes. 

(Vo!.  11,  Nb.  104,  lit  Jan.,  1897.) 
E.  O'XEEBAN— Automatic  Battery. 

(jVfi.  19S,  8th  Jan.,  I8B7.) 
E.  HDSPITALtEB— DimensioDB  of  Tbermat  Units  in  the  C.O.B.  Byitcin. 
Anon. — Electric  Tramways.      Uedsurement  of  gmoll  Variatiom  in  ttii 
Speed  of  an  Axle. 

(No.  198,  leiAJftn.,  1887.) 
E.  BOBPITALIEB— Electric  Welding. 

(.Vo.  197,  22tid  Jan.,  1887.) 
£  iTOAFITALIEB— Inlegraphs,  and  the  use  of  the  Int^ral  Cuire.    JnM. 
— Cciiid activity  of  AquBoai%o\uU»aKQt  h.c>^. 
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(_m.  198.  29rt  Jan..  1887.) 
E.  HOBFITJLLIEB — VariatioTia  of  Ihe  Intensity  of  Itia  Eartli'B  UagnetiD 
Field    in    BuiUlinga.      O.   RODZ— Lead    of    Brushea    in    Molon,      E. 
KOSFITALIEK — Cost  o[  Electricity  by  Accomulatora  and  by  BtohrontAle 
of  BodaBatteriei. 

(No.  199,  Elh  Fit.,  1887.) 
BOSPITAIkXSK— CI  aaa  I  ligation  of  the  Me'boda  adopted   for  Domenio 
EtecLrlu  Lighting,     O.   BOUX — Method  of  Prsrentlng  sad  DestrOTing 
the  Salphation  of  Atcuiuulstor  FUtes. 

(iVo.  200, 12th  Feb.,  1887.) 
OAlUICi: — Uie   of   GoM  EogiceB   for  Electric   Lighting.      Awm.—'Iht 
Park  Electric  Brake. 

(No.  a01,lB«iPeb.,  1887.) 
HOSFITAIiIEK— Oraphic  Method  applied  to  the  Theory  of  Synamoi. 

(yo.  202,  ifith,  FA;  1887.5 
~E.  HOSPITAXIEB— The  Ti^leplione  from  Faris  lo  Brtis«eli.    B.  ABNOITZ 
— Xlii;  Vai'iaLiiu  I'eriod  of  a  Current  in  an  Electro-magnetic  B>'slem. 

(No.  203,  6tK  March,  1S87.) 
E.   HOBPITALIEB — Uagnetio  Images  of   Feebly.m acetic   Bodiei.       G. 
BOUX— Counter  E.M.F.  of  the  Electric  Arc. 

(So.  201, 12m  Jtarch.  1837.) 
E08PITALIEB — Method  of  connecting   up   Electro-Hagneta  of  Tele- 
grapbio  Apparitua.       B.   S. — Appllcutian  of  the  PoBtal-YinB;  Inductor 

to  Electric  Belli. 

(-Vo.  205,  laifi  March,  1887.) 
HOSFITALIEB—Ignition   of  Platinum   Fuzea.      O.   BOTTZ— Testing 

Pelroleam  hy  the  Electric  Spark, 


£. 


fBuKrtinrfs  la  8asiX^  tntematienaU  dxi  EIrdriHeni,  Vol,  S,  Jfo.  31,  flopt.-Ort,  1B86.) 
SEI.IOMANN-Z.UI— Maxwell's  Theory  of  Electricity.  E.  HOSPITALXEB 
— Automatic  Switch  fur  charging  Accumulators.  Anon. — Eifel's  Tower 
from  the  Electric  poiot  of  view.  Electric  Welding.  New  Edison  Dynamo. 
Vte  of  the  Telephone  on  the  German  Bailwaje.  Electric  Toting  Uaohlne. 
Nature  and  Behaviour  of  Earth  Currents.  Treatment  of  Cbronio  Catarrh 
by  the  Gal?anic  Ciiutery.  Experiments  on  tUe  Couductivily  of  Guses  and 
Tapnurg.  Electricity  and  the  Atmoapharic  Pressure.  Horn's  Electric 
Tachometer.      New  Eire-Alarms.      tJsa   of  Dissolved    Gutta   Fercba  in 

Modelling. 

(Vol.  a,  No.  33,  Nov.,  1888.) 

ABDANK-ABAKANOWICZ  — Borne   Uttle-fcnown   Historical    Inrention*. 
Dr.   BOUDET   Q£   PABIS— New  Method  of  Printine  by  Electricity. 
O.   CKAPEBOK— Mechanical   Theory  of   Batteries.      DEFBEZ   and 
PONTAJNB— Electric  Transmisfion  of  Power.    Anon.— ■E\ecXi\tli\^\;ui% 
o/  the  Diamoad.cnttiDg  Shopa  at  Antwerp.    3)EPB.EZ— iQleuu.^.^  <iV  ^-^* 


an  AKTICLE8  EELATTSQ  TO  ELECTHIOITT,  Eic 

Hag^netic  Field  in   Dynamoi.      BBOWN-SEIjnARD— Contraetiooi 

Living  Muscle  priiduceil  by  PolariBitiou  CurreuM.      Jnpn. — Eiectrici' 
and  Modem  AnxsCbelics. 

(Poi.  3,  Wo.  as,  Dee.,  1886.) 

A.  SE  HEKITEIIB — Iron  rendered  Inozidisable  by  an  Electric  CorreQl, 
Q.  TBOITTE — Electric  Launches.  T.  LUCAS — Thermometric  Meaiare. 
ment  and  Terapcralure.  Ii.  UAICHZE— Tranamittet  for  Submarine 
CBbli;9.  A.  VASCHT — Nniure  of  Ekclric  ActioDs  In  no  laioUTing 
Uedium.  A.  BANDSE7T— New  Foi'ji  of  Plate  tor  Aacumalaton. 
K,  BOBOHAN — Propagation  of  Electric  Curienti  in  Air.  ZiBDUi 
Tariar.ion  of  Ihe  Magnetic  Field  produced  by  an  Electro-Ma, 
OSMOND — Thermo-electric  Study  of  the  Pbenoiuena  which  occur  daring 
tbo  ilcittmg  and  Cooling  of  Cast  Steel.  Anon. — Meteorological  Vse  ol  tlte 
Telephone.  Increase  in  the  Frequency  of  Lightning  Strokes.  Automatic 
Telephonic  Alarum.  Electric  Meters.  Ulumiuation  ol  the  Statue 
Liberty  at  New  York. 

(Tol.  4,  No.  34,  Jan,,  1887.) 
7,  LUCAS— A  national  Theruaometi-r.  Dr.  BOUDBT  DE  FASIS— New 
Metiiod  of  Printing  by  Electricity.  LIPPMANN—Pellui's  Absolute 
Elect ro.Dynamomet«r.  Q.  A.  OASSAGNES— Steno.lctegraphy. 
EISENMAMIT— New  Battery.  A.  PABES— Hydrophone.  A 
Means  of  avoiding  Tibratiooi  of  Machinery.    Electric  QlaMs  Catting, 

(No.  35,  Kb.,  1887.) 

F.  HABCILLAC — Obaervationa  on  Atmoipheric  Electricity  from  a  Balloon. 
B.  DE  MONTAUD— New  System  of  AccamulaUirs,  E.  BOSPXT  AI.ZBK 
BolutLona  of  the  F  roll  I  em  of  Domestic  Electric  Lighting.  P.  OAHEKT 
— Teatiug  Petroleum  by  the  Electric  Spark.  BLONDLOT— Prapagalion 
of  Low  Tension  Electricity  through  Hot  Air.  LED UC— V aria bli;  Period 
ol  OnrrentA  on  Circoits  contjuning  an  Electro-Magnet.  E.  HAXCHAJIll 
— Bimullaneitj  of  Solar  Phenomena  and  of  Magnetic  Variations. 
A.  WITE — Variations  in  the  Earth's  Magnetic  Field  in  BuildingB, 
T.  lIOUBEATTX-~FreEent  Value  of  the  Magnetic  Elements  at  the  PaK 
Saint  Muur  Observatory.  Dr.  JAE — Variations  in  the  BesislAnce  of 
Antimony  soil  Oobalt  in  a  Magnetic  Field. 

(No.  3Q,  Mar.,  1S87.1 

B.  ABNOUX^A  Cosine  Fliutometer.  D.  SAPOLI— Amoric's  Call 
Telegraph  Stations  on  the  same  Line.  O.  CABANELLAS — Dete 
nation  ol  the  Flow  of  Force  oE  Electro- mngiie tic  Sysiems.  BUDD^-' 
Electro -dynamic  Laws.  Anon.  — Besistance  of  Wood.  DUTEB — Clectru- 
lysia  of  Alkaline  Sulutiuns.  COL&BDE&U— Miignelic  Iinagei  obtained 
With  Feebly.magnftic  IJodie?.  O.  BOUX— Counter  E.M.I;',  of  the  EJectm 
Arc.  NEOBEAIfO— Specifla  Inductive  Power  of  Liquids.  DESCBOIX 
—Relations  lietween  thu  Variations  in  the  Magnetism  of  the  Earth  uii'l 
Earthquakes.    BEBTHON— Telophouic  Line  between  ParisaudBrtusets. 

i^MM,— Telepbonio  Beceiver  for  Itmd.  Qommu.tuKa.t.i.Qa. 


J 
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(Journal  Tglegrap\iqu«,  Vol.  10,  ITo.  10,  Oct.,  IBSS.) 
KOTUiiflf — Teiephouy  (conlinueJ .)     Dr.  L.  WEBE& — Dangers  ot  Ugh tning 
(Mntiitmid.)    L.  KOHLFaBST~Dr.  Siegfried  Taussig's  Safety  Telegrapli 
ApparatUB,    E.   LAITDKATK— Working  Janei  with  CoutiDuom  Cur. 
renu  and  with  Workine  Currents. 


• 


(rot.  in.  2fo.  ll.Wor.,  18SG,) 
JIOTHEN— Telepttaoy  {amtiaued).    A.  BAIiIiUTA— New  Oombination  for 
putting  into  TnuiBlation  a  Bt«tion  on  Opun  Oircoit  yiiXh  one  on  Closed 
Circoit. 

(7ol.  10,  Ho.  13,  Dec.,  1886.) 
ROTHEN— Telephony  (_cmtin<.ed).    Prof.  E.  HAa:BNBACH-BI8CH0rF 
— Dtiemiination  of  the  Speed  of  Propagiition  ui   i;lci;iriciiy  in  Telcymph 
Wire*.    £.  LAND&ATH — ^VoTkingLinesvithOontinnonE  Currents  and 
with  "rt'oi'king  Ourreols. 

(m.  11,  .Vo.  1.  Jan..  IB87.) 
BOTHEN— Telephony  {cimtiixicd).    Prof.  E.  HAaENBACB-BISCHOFT 
— Ueturmiitatioti  of   the  Speed  of  Propagation  of  KkctriciCy  ic  Telegraph 
Lines.    OATTIMO — Duplex  Transmisaion  on  Omuihus  Lines,  and  for 
Direct  Cummuutcatioa  at  Great  Distances, 


I 
ft 


(To!,  11,  No.  -i,  Feb.,  1SS7.) 
BOTRBH— Telephony  (conlinufri).     Prof.  B.  HAaENBACR^ISCHOFP 

— Delenniaation  of  the  Speed  of  Propagation  of  Electricity  in  Telegraph 
Lines  (AoncIiuUd).    T.  EWA&D— Lightning  Strokes  in  Belgium. 


(Fol.  11, -Vo.  3,  Mw.,  1887.) 
BOTHEK— Telephony  (conE^nuFi!).      F.   EVRA.".  3— Lightning  Strokes  in 
Beigiuiu  {tonel-udtd). 


(dnnalan  der  Phyiik  uni  ChenU,  Vol.  29,  Parf  3,  No,  10,  1886.) 

W.  SAUiWACHS—Potantiat  Intenaifler  for  Sleasurementi.  L.  OBAETZ 
—Conductivity  of  Solid  Baits  under  High  Preisure.  A,  ELSAS— Thu 
Colour  Kings  of  Nobili,  and  allii:d  Eli^ctro- chemical  Phenomena.  A.  v. 
ETTINQSHAUSEN  and  W.  NEBNST— Development  o(  E.M.F.  iu 
Uctnl  Plates  couducting  Heat  Currents  iu  a  Magnetic  Pield. 

{Val.  29,  i'ort  a,  jVo.  11,  1686.) 
B.  DESSATT — Metallic  Films  produced  by  Disintegration  of  a  Cathode. 
E.  KAaENBACH-BISCHOFF— Propa^alion  of  Electncity  in  Tele- 
gntpU  Wir^s,  S.  EALXBCHBB — I'utmieri's  Experiments  on  ih? 
Production  of  Electricity  by  (Juuduiisatiun  uf  Stuitm.  B  Ton  EOLEVEO 
— Pyro-elec:ricity  of  Quarti,  E.  BDLUND— Hoppe's  Theory  of  Dnipolur 
Induction.  E.  BVDSE—Means  of  Decision  between  the  Elect ro-dyn»mio 
Laws  of  Weber,  Hiemann,  and  Claosioi.  3.  KOSiItEBT — A  U«,-« 
Oalvanotoet^r. 


9U 


AHTrCLES  BELATmO  TO  ELECTEICITT,  Etc. 


(Vol.  29,  Pari  4,  Ho.  12,  1886.) 
C.  WtOMMB— Puiarisation  proUucf^J  by  Small  E,M.F.  E.  HOPPB— Tliwry 
of  Unipolar  Induction.  P,  HIUSTSDT — DaterminatioQ  of  "v."  B. 
LAUPBECHT— Action  of  a  Magnet  on  Electric  DisDbargei  in  Barefied 
Gacefl.  A.  TOP PIi— Distribution  of  an  Electric  Ohsrge  in  Condnctoft. 
L.  BOLTZUANN— Lorb«rg'(  Etoctro^d.^-namical  Theories.  A.  OBOSSB 
— Wire-Bibbon  Bbeostat. 

(Pur.  80,  Part  1,  No.  1,  18ST.) 
K,  WBSEiniONCK— Bnub  Discharges.  8.  ARBHEmUS— Condactivity 
of  Mixtures  of  Acid  SoIuUohb.  C.  PROUHE — Polarisation  produced  l^ 
Small  E.M.F.  Ir.  ABONS— MetlK.J  of  Measuring  the  Counter  EMS. 
of  the  Electric  Arc.  E.  BTIDDE — Mtana  of  Deciaion  between  the 
Eleotro-djnamic  Laws  of  Weber,  Kiemann,  and  Clauiins.  O.  PBOUCH 
— Oeneraligatiou  ot  the  Wh  eats  tone  Bridge. 


C. 


c. 


(7ol.  80,  Fart  a.  So.  2,  1887.| 
PROMME—Polari nation  producert  by  Small  E.M.F.  C.  HIIRLICB 
—Duration  of  the  BparK  on  breaking  Contact  of  an  Induction  Coil. 
E.  BITBDE — Fundamental  Equation  of  Stationary  Induction  by 
Rotating  JIagnets,  and  a  New  Clo«8  of  Induction  Phenomena,  H. 
LOBBE BO —Calculation  ot  the  Induced  Currents  in  the  Maes  of  tli« 
Bing  oE  a  Dynamo. 

(Fel.  80,  Part  3,  No.  3,  1887.) 
PBOMUE— FolariBallon    produced  by  Small  £.Ii.F.      A.  EBBLIHO 
— E.M.F.   of    some    Thermo-Elementa  of   Metals   and  the  Soiutiona   ol 
their  Gaits. 

(Fol.  SO,  Port  4,  Nn.  4.  1887.) 
WEBEB — Theory  of  the  'Wbeatstone  Bridge.  E.  EDIiUND — Heply  to 
Hoppe'sBemarksonUnipolarlnduction.  A.  H£BITBCH~-Eipe  rim  eats 
on  Diachargei  in  GeiGsler'i  Tubes.  E.  BDDDE — Tbuory  of  Correlation 
ot  Heat  and  Electricity.  W.  Toa  ULJANtN—An  Eiperiment  of  Emer 
relktive  to  the  Oontsct  Theory, 


IBeihl^ttfr,  Fol.  10, Part  10,  1888.) 
J.  NIEUWENHUTZEN  and  KBUSEKAN— Potential  Function  of  the 
Electric  Fieltl  in  the  Neighbourhood  of  a  Charged  Sphere.  P.  KAGI — 
Electrical  Behaviour  of  Mica  as  Dielectric  of  a  Condenser.  O.  ZUBEB  — 
Beiiatanc^  of  gome  MctaU  fur  Stationary,  Oscillating,  and  Alternating 
ElfOtric  Currents.  W.  DBTWALD — Electric  Conductivity  of  the  Bases. 
C.  BAnBBT— Unpolarisable  Cell.  B.  BI.AH'SDOBP— Qermetically- 
sealtd  Biitltries.  E.  DBECBSEL — EUctroly?!!!  -A  NuiinEil  C'liprujc  Acid. 
B.  BECOBDON— EieclrLi-Jl^i^iKt.  A.  tou  OBEBHETEB  and  H. 
von  PI CBLEB— Action  of  Disubarge  oF  Iligli  Tension  Electricity  on 
FloatJng  Parlicles.  C.  OLE ABSBI— Dielectric  Power  of  Oaieous 
JUizCures.    J.  KLEMENCIC— B'i^efmiQa\.inDOl"'u" 


1 


J. 
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(Fol.  10,  Part  12,  1886.) 
lALZECCBI-ONXSTI — Aii'>rbn<;li'ii  Treallee  on  the  GonductiTity  of 
Metallic  PowJets,  A.  SCKANSCHIEFP— Exciting  Fluid  for  Galvanic 
Batteries,  A.  NACCASI  and  A.  BATTEZiLI— Peltier  Fhenomeoon 
in  Liquid!.  F.  EOKLHAUSCH  — Electrulj'tic  Ueiallic  UnmiBca- 
tiong.  tt.  BOSEIfFELD— Lecture  Experiment  on  Electrolyiia:  A. 
BATTELLI— Iiidufnce  ot  Magnetisation  on  the  Thermal  Conductivity 
of  Iron.  C.  A.  UEBIUS— Itesearchen  on  the  Electric  Bpark  in  Liquid*. 
Z.  SCHEKINEh-UeBector-biUlar  Magnetometer  for  measuring  Vertical 
Earth's  Force. 

CtW.  11,  Poril,  1887.) 

BOKOUANN — Heating  of  the  GUin  of  Coiidensen  by  Intermittent 
EletlL  illeatioD.  Kiichhoff'B  Second  Law  of  Division  of  Currents.  H. 
80HEST LEA— Electrical  Pnipertiei)  of  Tourmaline.  A  SCHULLEZt 
— Eli^ctroljtii;  Action  of  Induced  Currents.  IT.  KOBTLISr  and  S. 
TEBESCHXN— Magnetisation  of  Mixtures  of  Iron  and  Carbon  Duit. 
E.  van  AUBEL — Influence  of  Magnetism  on  Polarisation  of  Dielectrics. 
H.  ZWICK— A  new  Magneto-ring  Inductor  for  School  Demonitralions. 
R.  JiEWABTDOWSEI— Improv«mentB  in  Induction  Apparatus.  J. 
BOROMANN— Frupagntioo  of  Electricity  througli  Air. 


iVol.  11,  Port  2,  1887.) 
RABTWIO— Electric&l  Conductivity  of  Aqncous  and  Alcoholic  Bolutioni 
of  Phenol  and  of  OinUc  Acid,  P.  CaABITONOWSEI— Action  of 
Light  and  Heat  on  the  Conductivity  of  Snlphur  and  Buiphiile  of  Silver. 
A.  BOITX — Absolute  Measurement  of  a  Condenier.  J.  HABEKUANN 
— Electrolysis  of  Organic  Bodieg,  H.  AUAUBT — Ooudensation  of 
Smoke  by  Statical  Electricity,  V.  TON  KIiDBVKOW — Decompoaitiou 
of  the  Vapour  of  Ethyl  Ether  by  au  Induction  Spark.  B.  BEBEIi— The 
Bciations  of  the  Potential  of  thu  Electriu  Arc. 

(Foi.  11,  Parts.  18S7.) 
PALMIBBI — Necessity  for  a  Condenser  to  show  the  Production  of 
Electricity  on  the  Condensation  of  Stemn.  F.  USAaillin— Duea  Con- 
dentation  of  Steam  produce  Electricity  ?  F.  CARDANX— Tlie  Surface 
Conductivity  of  Glass  in  consequence  of  a  Film  of  Moisture  at  Varioos 
Temperatarei.  A,  BARTOLI — Dependence  of  the  Conductivity  on  Tern, 
perature  in  Solutions  of  the  Alcohols  Cq  H^  -«■  ,  O  iu  Insutnting  or  Badly- 
conducting  Liquids.  Electrical  Conductivity  at  the  Critical  Point. 
Condnclivlty  of  Liquid  Csrhon  Compoouda.  J.  MOSE&— Electric  and 
Thermio  Properties  of  Saline  Solutions.  A.  MARIAmBI— The  Rhe- 
electromet«r,  B.  WILD — De I enni nation  of  the  Coelhcientof  Induction 
of  Bleel  Magnets.  J.  KLEUENCIC— Damping  Electric  Oscillations. 
J.  BOBOUAITB' — Propagation  of  Electricity  througli  Air.  C.  HEIM 
—The  Vacnuoi  in  Glow  Lamps.  Xi.  PAXiMXBRI— The  Static  and 
Dynamic  EleclrioJtjr  ot  the  Air, 
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{Ccniratblalt  JSt  nMnUcKm):,  VnX.  6,  So,  26, 1886.)  H 

No.  26.— S.  8CE0BCH— ConpartLtive  Sizes  of  Dynamos.    J.  ZACHAKX^T 
— Otmtal  Slatioii  i.t  Berlin.     H.  OOTZ — Effect  of  Current  Deijsity  onlhc 
Eesisiance  of  Wires.      O.   SITTUAR — Differential    Arc   Lanip.      W. 
P£UESBT— Elect  rot  ecbnical  Institute  of  tbe  Imperial  Higli  School  . 
Yienna.    f .  VFPXITBOKN — Constauta  of  Nikelins  Wire. 

Kol7.— J.  ZACHA&I AS —Central  Btntion  at  Berlin  (con fin<ijil).  Sr.  A.T. 
WAIiTENROFEN — The  Toruoit  Galvanometer  of  Siemens  and  Halike. 

No.  38.— B.  SCHOKCH— Comparative  8izea  of  Dyamos  {eoHUnxied).  Sr.  A,  t. 
WAIrTENEOFEN'-'AccuuiuIatora  of  Farbaky  and  Sclienek 

No.  23.— J.  L.  HDBEB— Electric  Tramway  Working.     Dr.  B.  VBBEXr- 

Z.M.F.  of  the  Electric  Arc.  Anon. — Standaril  Tatigent  Qalvanometer  oi 
Prof.  J.  KeMler,  J.  KOLaEB—Tran Elation  Byatem  from  Opeti  to  CloMd 
Circuit. 

Xo.  30.— Dr.  OTTO  FEUEBLEIN— Experiments  witb  Erhard'i  CircnUting 

Batter;.    Dr.  C.  HESS— Brilliancy  and  Work  abaorbed  by  Glow  Lampe. 

J.  L.  HUBEB — Accumiilaton  and  Electric  Tramway  Working.     Dr.  J. 

E LEMENCIC— Eiperimenta  for  the  Determination  of  "  v." 
No.  31. — Dr.  C.  BESB-'Effect  of  Qsseona  Contents  at  Qlow  Lamps  on  tbeir 

Light.    J.   ZACHABIAS — ArraagemenC    oE    Arc    Lamps   in    Fanllel. 

.iiiw.^Tho    Telephone    for   Huuae   Use.      O.    E.    U£TEB.     and    p. 

AtTEBBACH— Theory  of  Dynamo  MachineB.     Dr.  J.  ELEUENCIC-^ 

Ezperimenta  for  the  DeterminattoTi  of  "  u  "  (concluded}. 

No.  83, — P.  UFPEITBOBN— Universat  Dynamn  Machine.    An^n. — I'entral 
BCation  at  Trentnu,  New  Jersey.     C.   BICHAT  and  B.  BLONDIiOT^^ 
Absolute  Electrometer  for  High  Potentials. 

No.  33.— B.  SCHOBCH— Economy  and  Efficiency  of  DynRmM.  ^nm,— 
Uuilergrouiid  Ciinduits  for  Wire.i  in  New  York. 

No,  at.— J.    PBETBEBO— Testing   Lightning  Condnctors,       .inon.— Wd 
(trbm's  Dynamo.    A.  PABXB — Use  of  the  Blicrophooe  for  detecting  ] 
in  Water  Pipes.      C.  BAUlCEJiSBEBa— Constant   Chromic   Batti 
Anon, — Hospitalier'sBIcaaiirementof  Workof  Altemate-enrrent  Apparatiu. 

No.  36.— W.  KOBLBAnSCE— Use  of  the  Torsion  Galvanometer  for  ibr 
Measurement  of  Strong  Currents  without  a  Bliant.  Dr.  H.  EBIISS-' 
Baa  the  Length  of  the  Photometric  Bench  any  effect  on  the  Final  !Reniltf 

{F.:I,  9.  1887.) 
Ko.  1.— O.  DITTMAB— tollman's  New   Dynamo,     W.   UIHUETXB- 
Theory    of    Cone  traction    of    Dynamo    Blaobines.       B.     8CBOBCH— 
Economy  and  Efficiency  of  Dynamos  (cDntiniied).      Dr.  EDEJUtAm" 
^^Qcket  Mirror  Galvanometer.  fl 

'  'w.  KOHLBAUSCE- Use  of  Spiral  Spring!  in  Meararing  Inatn- 

-      Dr.  B.  NEBEI.— Cointer  EJUJ*.  of  the  Electric  Arc    Dr.  B 

...  .   _.     -Pliotomeric  Ileltkoas. 
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No,  3,— Dr.  EDELMAWK— Pot  table  -Aluolute  Oalvunometcr.     A.  BERO- 
HAU6EN— Liihiiu'iur"fl  Dynamo.     Dr.  B.  HBBKl.— Esperiments  ivllU 
Lalande's  Bstteiy. 
,  4. — V.    KOKL&ATrSCH — MeBsurcment  of  Ourreot  *ud  Fotential  by 
means  "f  tlie  Mirror  Ualiantiiaei.er.    H.  60ETZ— Vuhie  of  the  Magnet. 

■       Uing  Rirne   ia   Flat-riug   DyiianioB.      H.  T.  EH  ELM  ANN— Dead,  beat 
Telescope  Galvanometer.   J.  KOUiEBT — Very  Stiiailivc  (jalvunometer. 

Ko.  G.— ^inon.— AMetbodoECaUliratiiigaBridgQ  Wire.  W.  XOHLBAUBCE 
— Measurement  of  Current  mid  Pof^'iitiiil  by  means  of  a  Min-or  Oaivun- 
omeiet  (amiinned).  M.  T.  EDELiUANN — Dniverial  EeBislaoce  Bridge. 
J.  ZACHABIAS — Berlin  Central  Electric  I^ighting  Btationa  (canCtTHud), 

Ho.  i;, — W.  KOHLSAXTSCK— Mesiflurement  of  Current  and  Potontiul  by 
moans  ol   a  Mirror,  (ialvanomoter  Iconcludi:!!).      H.  T.  EDEL3IIANN — 

•       Fucket  Dry  DanieU  CcU.     F.  EXHEB  and  F.  CZEBUAE— Unipalar 
Inductiou, 

Ko.  7. — Anon. — The  Oerlikon  Dynamo.    Eesulta  of  the  TrsnsmiMion  of  Power 

tby  Brown's  Syntem.     W.  PETTKERT— Connecting  Dynamos  in  Parallel. 
S.  KATTRITIDS — Arrangemiznt  iif  aa  intermediate  Station  on  a  Oloaed 
Circuit  with  one  Recording  Apparatus  and  with  Besistances. 
{mtlctratethitiiclit  ZviUcMift,  V<A.  7,  Port  10,  Oa.,  1886.) 
B.    KUHIilaANN -Th(^  Accnmulators  of  the  Electrical  Power  Storage  Co. 
E.  GUIN AND— Dynamo  JlacUine*  of  the  Zurioh  TelKphone  Company. 

iB.    Ton    PISCHEB-TBEUBMrELD— awedisli    Military    Telegraphs 
{aanlinuatvm),      Aw^n, — Sending   Apparatus    of    Pbelpa's   Type    Printer. 
Electric   Time-ball  at  liiabou.     L.   von  Overstraeten'fl  Automatic  Block- 
Signal.     Dr.  F.  TO  OBI.— Current  and  Potential  Measurer  for  Alternate- 
Currents.    B.  BtTHIiUANIT— Goat  of  Electric  Lighting  with  Small  Are 
Immps. 
(Vo/.  7,  P-irfll,2fui'.,  1886.) 
Sr.    D.    WEBEB— Obiorvations  of    Tliunderstorma  and   Protection    from 
I^H       Lightning.      B.   von   FISCHEB-TBEtTEHFELD— Swedish   Military 
^^V       Telegraph.H    (amchinim).      -4n-i^i. — Eleclric  Tiiiie.lmll    <tt  Lisbon.      Dr.  C. 
'  HBIH— The  Vacuum  in  Glow  Lamps.      Dr.  M.  XBIEG— V.  Walleu- 

khofen's  Kemarki  on  PrOlich's  Tlieory  of  the  Dynamo.     J.  EBATZEH- 
STSnr — Comparison  Beiistances  of  Mercury.      B.    BVHLMANN— A 
Curious  Observation  with  Gesistance  Coils. 
tl'i'I.  7.  Piirt  13,  D.:e.,  ISaS.) 
Dr.  FBOLICK — Qeneralisation  of  the  Wheatstunc  Bridge.  B.  BOHLUAinr 
Mi^moir  of  Wernur  Siemens  on  his  Seventieth  Birthd^LV.    Dr.  A.  TO  BLEB 

I — Traoilalion  with  Brown  and  Allan's  Cable  Kelay.  WINTEB— ImiJiovucI 

^H       Inking  Apparatus  for  Thomson's  Siphon  Hecortlor     Dr.  C.  HIXML— '^V'* 
^^^      Tacaum  ia  Oloar  Lamps  (cvocluBiun). 
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WABHEB— tliidergrunnd  Oonducton  in  New  York.     S.  B.UHLK&.B'H— 

BesiBtancii  of  tlie  Eloctric  Arc.  Dr.  BTBECKIiB. — Length  uf  llie  Photo, 
■ueric  Bench  and  ill  Influence  on  Ihe  Me:thiireJ  Reaulu  Anon. — The 
Electrophone  or  Phonophore.  PIRANI — Van  Hjasellrei'glie's  Experi- 
meoU  on  Long  Lines.  <ESTEBKEICH— Automatic  Switch  tor 
connecting  <>ereral  Telephone  Linr's.  An/m, — Duplex  Telephony.  M. 
JULLIG— Solenoid,  Vulr,  unci  Ampi'Ve  Medsnrer.  Anon. — Electric  LaoDCb 
un  the  Spvec.  U.  HUHIiHAIfN— The  Inaindescent  Pl&tinum  ITnil  of 
Light. 

(No.  2,  F;bf'-r-/,  1887.) 
fBISCKEN— Electrical  Si^nU  for  Help  in  caie  of  Accident  on  Bailways, 
B>UHIJCAinT--E.  Thomaon'B  Electric  Welding.  S.  BASMUSSBN— 
DeUTininiilinn  of  the  Coefficient  of  Belf.  Induction  of  nuiiie  Ttlcpliunca. 
I>r.  r.  AUUBBACH— Method  of  Joining  np  Battery  Cells.  B. 
PBTSCH— The  Closed  Circuit  Commutator  on  Telegraph  Linea  n«ed 
for  Telephony.  ProfesBor  X.  PUCHS—Electrical  Current  Measurer. 
Dr.  STBECKEB—Eleclrical  MensurementB  in  the  Photometry  of  Glow 
Lamps.  H.  B.  OTTESEN— Measurement  of  the  Internal  Qesiitascc  of 
B  Battery  -with  the  Torwon  Q-alvanomeler. 

tjV",  3,  a/ure^,  18S7.) 
FBIBCR£N— Concentric  Douhlo  Cables.  Dr.  W.  DIETBICK— Prede- 
termination of  Dynamoa.  Dr.  B.  UIiBBZCHT^ Judicious  Arrangement 
of  Earth  Wires.  Q-EBBABDT.^Aclion  nf  the  Electric  Light  on  the 
Proposed  Eifel  Tower  itl  Paris.  A.  WEINHOLD — Joining  up  of  Battery 
Cells.  Dr.  FZBANI— Theory  of  Telephone  Couducti^ri,  Anon. — fiileucing 
Effect  of  Electro-Mugneta  in  Telephone  Circuits. 


(Zrilichrijl  far  Mi-ktroUchnik,  lei.  *,  FaH  10,  00.,  188&)  | 

Dr.  A.  von  W A LTENHOrEN— Remarks  on  Frylich's  Theory  of  Dynamoi. 
Dr.  B.  LEWANDOWSXI— A  New  Thcnno-Electroscope  far  DelcmiiuiDg 
the  Heat  Radiated  from  the  Human  Body.  Dr.  V.  WIETLI8BACB— 
Iiong-diahince  Telephony.  Dr.  HES8— Brilliancy  and  Wurk  consumed 
by  Glow  Lamps  (amtinved),  B.  SACK— Speoido  Induction  Coellicient  of 
Hard,  Strongtj-mngnetised,  and  Long-nn needed  t3teel  Rods.  Double- 
working  Telephone  Ti-ansmitter.  P.  BECHTOIiD  —  Electric  Fire- 
Alarms.  T.  DBEXTEB  —  Electrical  Ibleoiaring  Inatruinenta  for 
Technical  Use. 

(Pari  11,  No-'.,  1886.) 

GKAWINKEL— Strength  of  Currents  and  Work  done  on  Aerial  Telegraph 

LiiK'!'.      Dr.   J.  HOSEB — Electric  and   Thermic    Properties  of    Saline 

Solutions.    A-ium. — Siemens  and  Halske's  System  of  Distribution  by  means 

of  Volta  Inductors.      H.  8A.CK— Specifti;  Induction  Coefficient  of  Hard, 

S(rongJj--m.'i|[netieed,    and   Liong.o.Tin.eB.\e4  'a.t*e\  ■fi.Qi*,    taayit-NMrftYo^ 
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Telepbone  Transmitter  (_coaelvdei).  Dr.  HBSS— Brilliancy  and  Work 
connunea  by  Glow  Lamps  (eotKlndei).  P.  UPPENBOBN— Uj*  of  Iron 
Qnard  Rings  tor  lilJtTor  aalTanometers.  P.  BOSS— Electric  Light 
Inilaltiition  in  ilie  Anatomical  Institute  at  Viecua. 

(Tol.  5,  Port  I,  Jon.,  1887.) 

PEVK£BT— The  EqoatioQ  afUieSliant  DynBmo.    C.  HOCHENBOQ 

— Calcutaiiou  of  the  Size  of  Leads  for  an  Incandeactint  Lamp  Inotallittion. 
A.  CAXOABT — Tbeon^tical  Dcteriniuation  of  Besigtancea  ill  microphonic 
Telephone  Iiiatallationa.  An^n. — Li^htuisg  Condneton.  J.  VOQET— 
Safety  Dericu  for  £lectrii^  Light. 

(Piirt  2,  Fib.,  1887.) 

aiCKI.EIt— FrolioL's  Theory  of  Comiwund-wottnd  Dynamos.  C. 
HOCKBNEOO — CalittJiition  of  the  Size  nf  Loads  for  an  Iciianileacent 
LAmp  lostall.^tioii.  Dr.  P.  A.  HTLLEB — Difference  of  Potential  ami 
Folariaiition  of  Earth  flnteii. 
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The  One  Hundred  and  Sixty-sixth  Ordinary  Greneral  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 

125,  Great  George  Street,  Westminster,  on  Thursday  evening, 
April  28th,  1887— Sir  CUARLEs  T.  Bright,  M.I.C.E.,  Presi- 
dent, in  the  Chair. 


I 


The  minutes  of  the  [trevious  meeting  were  read  and  approved. 

The  names  of  new  cundidatea  were  aunuunoed  and  ordered  U> 
suspended. 

The  following  transfer  was  announced: — From  the  claaa   of 
iatps  to  that  of  Members — Martin  F.  Roberta. 


Donations  to  the  Library  were  announced  aa  ha\'ing  been 
>ived  since  the  Isf-t  meeting  from  Professor  Zetzauhe,  Foreign 
Alember;  the  Society  I-'rancaiae  de  Physique ;  and  Colonel  R.  Smith, 
It.E.;  the  latter's  donation  being  a  memoir  of  Colonel  Sir  J.  V. 
Bateman-Champain,  late  President  of  the  Society. 

The  Secretary  stated  that  Mr.  Emeat  Danvers,  Ai^sociate,  had 
forwarded  from  Columbia  a  map  showing  the  telegraph  aystem  in 
that  country  (where  he  was  for  some  time  Inspector-General  of 
Telegraphs),  but  unfortunately  it  had  been  lost  in  transit, 

H  The  donations  were  acknowledged  by  a  unanimous  vote  of 
^anka. 
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lODES  OF  ilEASUBlNG  iHli  LUEl  I  HJlL.STti   [A 
The  fgllowiiig  jiaper  was  then  read  hy  I'i'of<-ssor  Ajrlon  :— 

modes  of  measurin(f  the  coefku'lhnts  of  self 
a:nd  mutual  lvditi^tion. 

By  Profesaur  \V.  E.  Ayrtos,  F.R.H.,  and  John  Pkkuy,  F.R.f?., 

Meiiiberji. 

T)ib  pai>er  doea  uut  resemble  Profe^'Sor  Hughes'  Inaugur.il 
Address,  ia  containing  a  channing  lurount  of  new  experiuientnl 
researt-lies  into  the  laws  df  self-imluition  nml  of  the  extra 
reaistaiice  ofl'ered  to  a  lapidlj-  vaiying  i-urieut :  its  aini  ia  different, 
it  ia  meant  to  help  the  {iniclical  electrician  to  obtain  a»  clear  a 
conception  of  self-induct  ion  u;*  he  now  has  of  resistance,  and  to 
Uiia  end  the  paper  cuntains  the  description,  and  theory  of  the 
action,  uf  a  iiimple  iipi>ai-al  tiii  that  ne  devisod  u  year  ago,  and 
which  we  have  been  -since  iniiiroving,  for  the  diivct  measurement 
of  the  coefficienls  of  self  mid  of  mutnal  induction  in  terms  of  the 
legal  unit. 

The  electrician  of  to-day  ia  so  familiar  with  the  idea  of  resist- 
ance, that  he  is  liable  to  forget  the  time  when  people  had  no  clear 
coneejition  that  tlir-  resistance  of  ii  londuclor  was  one  of  its 
definite  properties,  like  its  weight  and  length.  In  the  "Reports 
"of  the  Committee  on  Elect i-ical  Standards,"  eiliteil  by  the  late 
Professor  Fleeming  .leukin.  a  most  interesiing  uccount  is  given  of 
the  gradual  growth  of  liie  conception  that  n  conductor  had  a 
detinite  resistance;  anil  in  our  paper  on  '■  A  Xew  Determination 
"  of  the  Ratio  of  the  Electromagnetic  to  I  he  Klecfrostatii*  Unit  of 
"  Electrical  Quantity,"  read  before  tlus.Sociely  in  1879,  something 
is  said  about  the  development  of  this  hlea  of  resistance.  And 
during  the  fifty  yeara  that  have  elapsed  since  Leuz  employed  the 
1  foot  of  No.  II  copi»er  wire  as  his  unit  of  resistance,  the  elec- 
trical world  has  not  only  learnt  to  regard  resistance  as  a  definite 
property  of  a  definite  piece  of  matter  in  a  definite  state,  but  has 
become  so  fully  imbued  with  this  idea,  that  it  ^tositively  resente<l 
Professor  Hughes'  exiierimental  proof,  last  yeai-,  that  the  resistance 
of  a  conductor  for  an  intermittent  current  was  a  variable. 

Now,  how  has  this  clear  jwrceptioii  about  resistance  been 
aci{uired  ?  We  believe  by  the  meaiiuring  of  hundreds  of  thousands 
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of  r«HiHtftt)i'e;4  during  the  last  twpnty-two  years  in  terms  of  a  unit 
of  resiatance  with  a  Biniple  name ;  and  we  feel  that  it  will  not  be 
until  uiany  meaiiuiements  of  the  coefficients  of  gelf-indiiutiuns  of 
various  I'oils,  electro-iiiagnetB,  djTJjimos,  etc.,  liave  heeD  made  by 
practioal  men,  hb  j^huI  of  their  regular  work,  and  expressed  in 
n  unit  of  .-^elf-induc-tion  having  a  simple  name,  that  they  will 
e  to  have  the  name  instinctive  feeling  about  self-induotiou 
lat  they  now  have  about  resistance.  There  are  two  reasons 
why  Bueli  measurements  have  not  been  regularly  made:  tme 
is,  that  the  imijortance  of  a  knowledge  of  the  coefficient  of 
If-induction  of  a  circuit  is  only  beginniag  to  be  genemlly 
ipreeiated ;  the  other,  that  the  methods  of  measuring  tlie  oo- 
efficieul  have  not  Iweu  very  easy  to  em])loy.  But  now  that  the 
speed  of  telegraph  signalling  is  becoming  greater  and  greatei\ 
lliat  lung-distance  telf  phimy  is  receiving  more  and  more  attention, 

td   that    the   system    of  dtatributing    electrical   energy   with 
:ondary  generators  and  alternating  cunents  has  become  a  most 
portant  rival   lo  other  sywtems,  the  regular  measurement  of 
she  coefficient  H  of  self  and  of  mutual  induction  of  dynamos,  electro- 

»,gnets,  induction  coiU,  etc.,  has  now  become  quite  an  important 
the  electrical  engineer  as  the  measurement  of  resititance. 
I*rofeii^or  HuglieV  telephone  methods  for  comparing  the  self- 
induction  of  one  circuit  with  that  of  another  are  mai'vellously 
sensitive,  as  shown  by  the  results  he  obtained,  bat  the  very 
delicacy  nf  the  methods  prevents  their  being  used  without  a 
comjiensaior  or  adjustable  standard  of  mutual  induction  for  the 
commercial  measurement  of  a  coefficient  of  self-induction  in 
terms  of  the  product  of  a  time  into  a  resistance. 

On  tnniing  to  the  electriciau'w  "stand-by,"  Clerk  iMaxwell,one 
finds  K  complete  exposition  of  the  general  principles  of  self- 
uduction,  ah<o  several  methods  for  determining  what  he  calls 
"ihe  Klectromaguetic  tapacity  of  Self-induction  nf  a  Coil."  The 
very  length  of  the  name  makes  one  fear  that  the  methods  will  be 
impractirable  for  every-day  work,  and  thai  is  the  case;  for  the 
ly  one  which  ie  suited  to  a  practical  man,  as  faras1heap]ianitUH 
hi  concerned,  is  unsuitable  fmm  a  difficnlly  met  with  in  carrying 
it  out.      The  method  in  i|uestion  U  called  "Comparison  of  the 


"  Electros! atic  Capacity  of  a  Condenser  with  tlie  E I pf t rom agnatic 
"  Capacity  of  Self-induction  of  a  Coil,"*  and  the  rer>ull  espressos 
the  coefficient  of  self-induction  as  equal  to  the  jiroduct  of  two 
reaistances  into  the  capacity  of  a  condenser.  A  number  of  attempts 
to  employ  thi.*  method  were  made  rather  more  than  a  year  ago  hy 
one  of  our  students,  Mr.  Siimpner,  but  the  necessity  of  having  to 
make  two  aejiarate  adjustments  of  the  resistAnces  of  the  Wheat- 
stone's  bridge — one  in  order  that  there  should  be  no  deflection  of 
the  galvanometer  for  steady  cniTents  in  the  arms,  the  other  that 
there  should  be  no  deflection  on  making  or  breaking  the  battery 
circuit— and  the  fact  that  altering  the  resiKtances  to  make  either 
of  these  adjustments  generally  disturbed  the  other  adjustment 
preriously  made,  rendered  the  method  nearly  hoi)eley?. 

If  not  merely  the  resistance  of  the  arms  of  the  bridge  were 
adjuatalile,  but  also  the  capacity  of  the  condenser,  so  that  il 
might  be  made  to  have  different  known  values,  this  method 
might  give  good  results  if  a  galvanometer  with  n  long  jieriodic 
time  of  Wbration  were  employed.  If,  however,  an  ordinary  bridge 
galvanometer  were  used,  the  difference  that  exists  in  the  rate  of 
charging  of  a  condenser  and  the  rate  of  variation  of  the  extm 
current  due  to  self-induction  would  make  it  impossible  for  the 
resistances  and  the  capacity  of  the  condenser  to  be  generally 
adjusted,  so  that  there  was  no  deflection  of  the  galvanometer  on 
making  and  breaking  the  battery  circuil,  as  there  would  first  be 
a  deflection  on  one  side  of  the  zero,  then  on  the  other,  oon- 
se(|uently  a  very  accurate  measurement  of  the  coefficient  of  self- 
induction  could  not  be  made.  Modifications  of  this  method,  by 
combining  resistances  and  one  or  more  condensers  with  a  differ- 
ential galvanometer,  have  been  suggested  and  tried  with  more  or 
less  good  results,  but,  as  explained  later  on,  with  none  of  these 

*  A  stndent  might  natumlly  conclaiI«  thai,  hb  a  rapocitj  measured  tlrfira- 
iliiiii-'iHg  1<  oF  tiie  same  illmeairloiia  an  n  coefUclent  of  lell-mduction  n.etmK^ 
rl"'iri:imi'/fwiicalli/,  both  being  a  aimrle  Icngtb,  it  H«a  tliii  comparison  tliat  Cletk 
Maxwell  reFeireii  la ;  1>at  ttiat  la  not  Ibo  casr,  as  shoiva  by  tlie  norkmi;  out  ul  Ilia 
problem,  roiiseitueutly  tbc  aoiiner  coDIBini  ifao  siionre  uf  a  rraiHance  ia  adiUtioa 
to  tlie  cB)iariiy  of  the  condenser  and  the  Focfficicnl  of  tieL/-iniliiclKiii  uf  tbe  colI,l 
tliat  llie  proWem  is  not  strictly  the  corapariion  of  ilie  eleclrostalic  capadtj] 
a  C'lndens^r  with  the  electromngDeUc  capacity  of  «el[-iDductii>ii  -.'f  :i  co[l. 
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D^tbode  can  the  effect  be  made  cumidative,  and  the  teat  there- 
turf  very  Jiensitive,  i>y  using  the  plan  of  rapidly  making  and 
hrpaking  the  battery  circuit. 

Probably  the  best  method  yet  iiublished  for  measuring  the 
i/oeificient  of  self-iiidiiction  in  temia  of  the  produot  of  a  time 
inlo  a  resistance  is  Ihat  ilescribed  by  Lord  Rayleigli  in  his 
p^er  ou  "Experiments  to  Determine  the  Value  of  tiie  British 
"AHsofiation  Unit  of  Resistance  in  Absolute  Pleasure,''  given 
in  the  "Philosupliical  Transaetions "  for  188^,  and  abstracted  by 
one  of  us  for  the  Journal  of  the  Society,  where  il  will  he  found 
un  jiage  132  of  the  volimie  for  that  jyear.  This  method,  based  on 
one  devised  by  Clerk  Maxwell,  but  not  described  in  either  the 
lire!  or  the  second  edition  of  hiB  book,  consists  in  placing 
Ihe  coil  with  self-induction  in  one  of  the  arms  of  a  N^Tieat- 
ilone's  bridge,  and  first  obtaining  balance  in  the  oi-dinary 
way,  the  battery  circuit  being  completed  be/ore  the  galvan- 
iiirieter  lireuit,  then  measuring  the  swing  of  the  galvanometer 
in?e<lle  when  the  battery  circuit  is  completed  after  the  gal- 
viLiioineter  circuit,  and  lastly  measuring  the  steady  deflection 
obtained  when  one  or  more  of  the  arms  of  the  bridge  is  altered  by 
«  known  atnouni,  the  Imtteiy  circuit  being  completed  before  the 
alvanometcr  circuit  as  in  the  tirst  test. 

Tliis  method  is  simple,  but  it  has  three  great  disadvantages. 

First,  while  an  onlinary   Wheatstone'a  bridgf  is  employed,  an 

tliiiary  ilead-beat.  \\'heatstone's  bridge  galvanometer  is  totally 

asuitahle,  *ince  on  making  or  breaking  the  battery  circuit,  when 

erforming  the  second  test,  the  gaivanometer  needle  must  not 

Bgin  to  move  until  the  estra  current  has  cease rl ;  and  further, 

the   time   of   vibration    of  the   galvanometer    needle,  and    the 

lagnrithmic  decrement,   have   to   be  determined,  as  they  both 

enter  into  the  formula,  so  that  in  fact  a  ballistic  galvanometer 

mast  be  employed.     Second,  if  the  coefficient  of  self-induction  to 

measured    be  small,  the  swing  of  the  galvanometer  needle 

btained  on  making  or  breaking  lUe  battery  circuit  will  be  very 

nail,  and  cannot   be  accurately   read.     And  the  effpcts  cannot 

mnde  c>imnl<Ulvf  hv  ia]jidly  making  and  breaking  the  battery 

ircuii  when  using  eitlter  this  mel  hod  or  the  one  i]fsci'il>ed  iu 
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"  Electrostatic  Capacity  of  a  (.'ondeDser  with  the  Elect  miwagnetic 
"  Capacity  of  Pelf- Induct  ion  of  a  Coil,""  and  the  result  expresses 
the  coefficient  of  self-induction  as  equal  to  the  product  of  two 
resistances  into  the  capacity  of  a  condenser.  A  numlwr  of  attempts 
to  employ  this  method  were  made  rather  more  than  a  year  ago  by 
one  of  our  students,  Mr,  Sumpner,  but  the  necessity  of  having  to 
mske  two  separate  adjui>tmentB  of  the  reaiatances  of  the  Wlieal- 
stone's  bridge — one  in  order  that  there  should  be  no  deflection  of 
the  galvanometer  for  steady  currents  in  the  arms,  the  otlier  tliat 
there  should  be  no  deflection  on  making  or  breaking  the  battery 
circuit^and  the  fact  that  altering  the  resistances  to  make  either 
of  these  adjustments  generally  dintnrbed  the  other  adjustment 
previously  made,  rendered  the  method  nearly  hopeless. 

If  not  merely  the  resistance  of  the  aims  of  the  bridge  were 
adjustable,  but  also  the  capacity  of  the  condenser,  so  that  i( 
might  be  made  to  have  different  known  values,  this  method 
might  give  good  results  if  a  galvanometer  with  a  long  [leriodic 
time  of  vibration  were  employed.  If,  however,  an  oniinary  bridge 
galvanometer  were  used,  the  difference  that  exists  in  the  mte  of 
charging  of  n  condenser  and  the  mte  of  variation  of  the  extni 
current  due  to  self-induction  would  make  it  impossible  for  the 
resistances  and  the  caimdty  of  the  condenser  to  be  generally 
adjusted,  so  that  there  was  no  deflection  of  the  galvanometer  on 
making  and  breaking  the  battery  circuit,  as  there  would  first  be 
a  deflection  on  one  side  of  the  zero,  then  on  the  other,  con- 
sequently a  very  accurate  measurement  of  the  coefficient  of  self- 
induction  could  not  be  made.  Modifications  of  this  method,  by 
combining  resistances  and  one  or  more  condensers  with  a  differ- 
ential  galvanometer,  have  been  suggested  and  tried  with  more  or 
less  good  results,  but,  as  explained  later  on,  with  none  of  these 

■  A  itiideni  might  natimll}'  cnncluUe  thul.  as  s  capkciEv  meisnred  tlrriro- 
ttiitiriilly  it  uf  the  same  illmenRioiit  ■-•  a  caeRlcienl  of  sclf-iDi1ur(ion  n.eunFEJ 
tUcmimujorlirnlly,  both  being  &  simple  langtb.  il  ien  tbil  comparisoii  tliat  Clerk 
MrxwiII  refeireil  to;  Imt  thit  i«  not  the  case,  rh  tbonu  b;  llie  norlciag  out  uf  thci^ 
|iriibleni.  coiigcqueallj'  the  rdbwit  contnim  (he  EiiiiiLrc  uf  u  retistancc  in  adJitiDi^ 
to  (he  cnpariij  al  the  condenser  and  the  coeiBdenl  of  Bclf-ioilnction  of  the  coil,  icv 
tliftt.  the  problem  is  not  alrictly  the  oomparison  of  the  electrmtatic  capacUj 
ft  cundenwt  with  the  electromagnetic  capacitj*  uf  sel f -induction  of  a  coil. 
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methods  can  the  efl'eirt  be  made  oamidative,  and  the  tent  there- 
iuTf  very  seusitive,  by  using  the  plnn  of  rajiidly  mKking  and 
breaking  the  battery  circuit. 

Probably  the  beat  method  yet  iiublished  for  meaHunng  the 
coefficient  of  self-iiidiictinn  in  terms  of  (he  product  of  a  time 
into  a  resistance  is  that  deacribed  by  Lord  Rayleigh  in  hiB 
paper  on  "Esperimenta  to  Determine  tlie  \'aliie  of  tlie  British 
*' Association  Unit  of  Resiatance  in  Absolute  .A[easure,"  given 
in  the  " Philosophit-al  Transactions"  for  1882,  und  abstracted  by 
one  of  n^i  fur  the  Journal  of  tlie  Society,  where  it  will  he  found 
on  jage  \J2  of  the  volume  for  that  year.  Tliis  method,  based  on 
one  devi-ied  by  Clerk  Maxwell,  but  not  described  in  either  the 
first  or  the  second  edition  of  his  book,  consists  in  placing 
the  coil  with  self-induction  in  one  of  the  arrari  of  a  Wheat- 
stone's  bridge,  and  first  obtaining  balance  in  the  ordinary 
way,  the  battery  circuit  being  completed  before  the  galvan- 
ometer circuit,  then  nieasoring  the  swing  of  the  galvanometer 
leedle  when  the  battery  circuit  is  completed  o/ta-  the  gal- 
imeter  circuit,  and  lastly  measuring  the  steady  deflection 
^efl  when  one  or  more  of  the  arms  of  the  bridge  is  altered  by 
Itnowii  amount,  the  liattery  circuit  being  completed  liefore  the 
Ivanometer  circuit  as  in  the  first  test. 

This  method  in  simple,  but  it  has  three  great  disadvantages. 

irst,  while  an   ordinary   Whfatstone's  bridge  is  employed,  an 

irdinaiT  'lead-beat  Wlieatsf one's  bridge  galvanometer  is  totally 

suitable,  since  on  making  or  breaking  the  battery  circuit,  when 

rming  the  second  test,  the  galvanometer  needle  must  not 

igin  to  move  until  the  extra  cm"rent  has  ceased;  and  further, 

le   time   of   vibration    of  the   galvanometer    needle,  and    the 

ignrithmic  decrement,  have  to   be  determined,  as  they  both 

ter  into  the  formula,  so  that  in  fact  a  ballistic  galvanometer 

most  be  employed.     Second,  if  the  eoetficient  of  self-induction  to 

le  measured    be  Nmall,  the   swing  of  the  galvanometer  needle 

tatned  ou  making  or  breaking  the  battery  circuit  will  be  very 

niiall,  and  cannot  be  accurately  read.     And  the  effects  cannot 

made  cnmiiUit.lve  by  mpidly  making  ;md  breaking  tin-  battery 

ircuit   when  using  either  ihi-i  method  or  the  one  d'-scrilied  in 
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'l.-er'c  .VCxxv-^...  nf^rnc  tv  ^o^^.  cr  vit  ampb:  inodificatiaB  of 
*.^A«^  i^-^uvi:  aaiix  '.'z."  •-ri^^  tx  '^  a%lT«iKi^Kter  needle  are 
..-.  'fj-^^.--r  urecriTL-  ot  --jt£i=.i  ar»i  <c  cmkiBg  the  battery 
'-„-'X:t.  Tcjri.  ifi  ^-li^ina  -i*  ±r--  i*?r  viai  t's*  VbeatMoae's 
rKviifr  »  vny'Jtf'fya  zaIailo:  E;^ir.  ;*^  o^a!ni?>l.  risce  the  ning 
'/■.fa-iAt.  'Xi  fftttiL^  ;i>  -«i:oc-i  le^  c;.:;*'  bie  ^AZirti^  doe  to  tlie 
cffih:^.  of  .^if-i&'iccTio^  *.'o&<«-^::en*l7  a  sli-iing  wire  in  addition 
**>  ».'i%  f/r6'm*ry  bri-jg*-  iriQ.-!  be  empIoTeti,  iiiS«>ad  of  nMng  the 
-mijfi«  int^rp^ati'ia  raetr.od  of  obrainiog  tae  1a.-t  decimal  jdace 
f:vm  t-'j*-  ^maU  nndr  d*-de>:riot:.T  to  I'lie  right  nnd  It'ft  of  the  tme 
XfTTi.    f /fee  Appeivlix  11.  ■ 

A  circuit  cootainiog  <>«If-iiida>^i'->it  set-  »•  if  it  bad  a  largfr 
r^iOMai:-.  than  its  true  one  when  a  corrent  i-  itaned  in  it,  and  a 
Mnaller  reaiiitaiice  Then  the  current  i^  stopped.  Hence,  if  b^ance 
tie  ohtain)"]  with  a  Wheatsrone's  Mdge  in  t;,e  ordinary  war,  the 
kict  of  any  of  the  ann.-  jM£?e>Fing  i«lf-indu«.-tioo,  or  of  any  one 
fjf  tiie  smiH  having  a  condeu^r  attached  to  it,  will  produce  no 
ftSfi^  (Ml  thf  balance  if  tb*-  ^ttery  circnit  be  rapidly  made  and 
bmkeu,  ]>rovided  ttiat  the  rapidity  of  make  and  break  be  not  too 
gr«T»t  f'/r  llie  currents  in  the  anna  of  the  bridge  to  reach  their 
-t<-tii)y  valii'-*i  eitch  time  that  the  battf  ly  cuvoit  is  mode,  and  to 
'li<^  awav  i^'/ri  time  that  ii  i-  broken.  If  the  <;urrent>  have  not 
tirin:  to  rwi'.-li  their  cteady  VHlut^  when  the  b«ttm-  circait  is 
rIo-'-d,  Hiiil  to  dit;  away  wlien  it  i^  broken,  then  self-indnction  in 
;niy  orif  of  the  anns  will  ]iroduce  a  disturbance  in  tLe  balance; 
hut  Huclt  H  method  of  measuring  a  coefficient  of  self-inductiou 
would  lejt'l  to  **:-ry  coinpiicated  formuhe,  and  is  not  worth 
i|i-vi-to)(ing  with  tlie  view  of  obtaining  u  simple  ii\ethod  of 
trn-ft-urinf{  Mplf-inductiou. 

It  tliertifon-  iHiiirred  l«  us  lu  considi-r  ulietber,  without  em- 
jil'iying  Rucli  r.i)iid  makes  amX  hrfnks  as  would  ))revent  the 
i!iirn;ntH  rtMcliJng  tlieir  steady  vahies,  thf;  self-induction  of  a 
i-iri'iiil  might  not  lie  iniide  to  hl-I  »»  an  apjiarent  steady  definite 
iri'-rnaM!  (if  Die  resistance  of  that  circuit  which  cuutd  be  measured 
ill  till*  ordiiinry  way  with  n  Wheafstune's  bridge  or  differential 
galvanometer,  and  by  llii>  iiieHiis  the  mi'aaurcment  of  a  co- 
eilic^ient    oC  sotf.in'hictimi   would    >iiiiplv   resolve  itself  into  the 
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tneasHremeiit  of  ii  resictance.     And  this  problfm  we  soiv«l  in  llie 
following  way.  in  tlie  "iiring  of  1886  : — 

The  tfoil,  thp  coefficient  of  self-indiiclion  of  wliicli  it  is  desirwl 
mra^uie,  is  placed  in  one  of  the  RrniH  of  a  WliealsUiue'a  bridge, 
;he  three  other  arms  coniiisting  of  ordinaty  doubly-wound  re- 
ce  coils  jioeepshing  no  nppreciahle  sclf-iitrluction,  imd  not 
ly  ia  the  batterj-  circuit  rapidly  made  and  broken,  but,  in 
addition,  id'ter  each  closing  of  Ihe  battery  circuit  the  galvan- 
ometer circuit  of  the  bridge  is  either  Hhort -circuited  or  broken, 
so  as  to  cut  out  (lie  giilvnnometer,  and  aftt-r  ench  breaking  of  the 
battery  circuit  the  g;d  variometer  circuit  is  either  unshort-circuited 
or  closed  ugain,  t-o  that  liie  galvanometer  is  now  operative  again. 
In  this  way  all  the  successive  impulses  of  the  galvanometer 
needle  that  are  produced  on  starting  the  current  in  the  coil  with 
self-inductiou  produce  llteir  cdmii^tfiweeffHcta,  bat  the  successive 
impulses  of  the  needle  that,  under  ordinary  circumstances,  wonld 
be  produced  on  the  needle  in  the  opposite  direction  are  cat  out. 
Hence  the  self-induclion  [lossessed  bv  one  of  the  arms  causes  that 
arm  to  apparentiv  increase  in  resistance  by  a  definite  mnonnt 
pending  on  the  coefficient  of  self-induction  and  the  number  of 
oi>eratious  perfonneil  per  minute.  This  apparent  increase  of 
resistance  produces  a  deflection  of  tfLC  gnlvanometer  which  can  be 
,ed,  and  its  value  ascertained  by  comparing  it  \vith  the  deHec- 
:on  produceil  with  steady  currents  when  one  or  more  of  the  anuB 
the  bridge  is  altered  by  a  known  amount,  as  in  making  the 
tyleigh  test  {pageaS.jj.  But  since  the  necessity  of  having  to 
the  deflection  limits  the  speed  of  performing  the  doable 
make  and  break  operation,  in  order  that  the  sjwt  of  light  may 
not  he  sent  off  the  scale,  we  soon  replaced  this  compiirntive 
^deflection  cmnul'iliv  nietliod'  by  a  much  more  sensitive  ;erv 


*  Since  thii  papier  wan  announced  to  be  read,  M.  Lippmtuni  has  oom- 
unicfttetl  Ut  till'  Fi'eiich  Academj  a  piiper  "Sur  Ja  (JctiTminiitiun  du 
iN-«ftlcient  dn  HeU- Indue  lion."  tiy  MJI.  P.  Ledebopr  and  O,  Manauvri*T, 
describing  n  new  inetlmd  wIikIl  lliese  experimentpra  have  devUed,  An  exftmi- 
nation  of  it,  liutrfver,  i^hows  that  it  ie  ulentical  widi  our  [<im  itniifirii  IcBil 
melliod.  Alter  giviug  snmu  very  accurate  reaulis  tlial  tliaj  Lave  oblaiutd  by 
using  llie new  methml  of  leating,  lliejrsny:  ■■NouBraTongprpIprjed'nilleuTSuux 
f  antrei  meth'irles  pniir  1e  m^snre  des  faiWes  coefficient!!  Ae  wU-icdocttoi',  b! 


:.■•  ^ul'ii-  ■,'J  iiXASrEIS-j  TEE  isOilPFlClEKTlS    >pril»h, 

r  '  ;■•   iij«';:i,>:_  aiic.  iiiirta:;    t>f   readinp  iJie   galvanometer 
.,■:■■■ -.-I M.  V-   T:—.--^.:.:::--:  ".it   rMiiuii;*  auii  nriiig  ibe  nfctdle  back 
;•■   .  :'j  i.::*rr;ij£  .nit  o:  ni.tr-  i>:  ".::-   i-mi'  of  ibf  tnidge,  ■?  in 
t:ii.i  i.,:  t.i    Tiiiiu"^  Tr-j=".;.ii:T  :t^  v.-:  i.  WLft.i Clone's  bridgv. 

'l  ;>-^-  -r;»tr::,-'i:v  vr  :.;/  r  i^-.  ",i~«cr'^'i  iLe  i^eriodical 
-:,-'--  .-.-.■J-.:, ^  ,'  -..-  _■:.  u^- •-••■•.'■:  ■  ^'-fi.hiug  Uif  galvan- 
;»Uiv't*;  ."jv.:::,  -.".i-.  i,>  ' ^er-  ;-  i.  ■■-^T-i.t  Tlowiue  in  the 
ir».  ■■  Mf.'Zrt-';^':  TL-:  " :.;?  ■'.'^■n.' \ .•':  :-  .•-n'i"iL'*-.i  if  liiP  Jwo 
111-':;'.':  >  r^.".'  .'•■•..  ' :}■  :^t-:i.!..'.^  .■'.  ".  ■  jrj.':vTiii':iiii»*tt'r  circuit* 
«.■'..  .  '.•■•.'t.'j..'-.  :.  -■.i!,"i:  ff:.:.:  v.r^i  ::,i.i-  -i'.  .■:i)i'.;ia*ion?  diffi- 
■"..■.  V-:-'!.-,  J.-  w.  ■••  -*—:.,  :;-  ".tr-r..  •  .■  ■!,  -;j.'r:-i'irt'U.Jtmg  of 
":■*  ct~  i.:..r".-'r:  :-r.':.\.~-'  i,;.  -r-.*'  ■; :"  -p.:  -««i:T  r»r  Tnlieii  into 
t.. ■.-.■;::  ■    :_:l-  :..i.- :.-:..!.■;.,■:„  ;:.  :~^..cti,':  ■: . 

T'  -  -.:'-fc?u:vz,- : :    :  _  .-.•-t: ,.: ■. -  .■:  -t  t—  :  iv.-.i'ii  in  tiiis »iy 

■  ti'-r:L7  J -.1:  ■.■.:■,':•:■. -ti-M   .>:.  :;t   .■■■.:..■,  x   'iJi:  lii*  periodic 

:  -  '.    •   .■•-    ■,»r-f..:,  .!■  i:>:  :.■.  -;:■■:  -"■:  •:-  !.:\7rr-z.:f  :o  become 

■r-:..';  ;■   -.'i-  .:.:r7-.u   'k^'w^z    '--^    ■    ~-i    '  1-*  bs'Ttrr  cirfuil 

■    -  :j. .-.-.-:.  _."..-_j    :::t  i';.    :.:.■-:■-■-■.  >.T-i  :<' Ai*  riny  m 

■■'    ----r.^  --TV—:.  - ..-    :.--^-;i:l^  .-  -.t    .*Vr:7  .-iri-ui:  sod  The 
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delUate  otu  for  the  abeoltde  vifoauremeiit  of  a  coepiclc^d  of  »etf- 
ifuliidwfi,  a7ul  the  cot^cieiit  is  expressed  in  its  shnplenl  possible 
form,  namely,  as  the  product  of  a  time  into  a  resistanct. 

If,  inriteod  of  periociically  cutting  out  the  galvanometer  circuit 
while  the  baitery  circuit  is  being  broken,  we  cut  it  out  while  the 
battery  current  is  being  made,  and  allow  the  galvanometer  to  be 
operative  while  the  battery  circuit  is  being  broken,  the  resistance 
of  the  coil  poRsesaing  self-induction  will  apparently  hecome  less 
by  a  definite  amount,  and  in  tliiit  case  <r  will  be  the  apparent 
diminution  of  its  resistance,  and  T  is  the  time  the  galvanometer 
is  opetative  after  the  battery  circuit  is  broken. 

The  firrt  apparatus  for  enabling  measurements  of  self-induction 
to  be  made  in  this  way  waa  constructed  in  the  spring  of  1886, 
under  the  auperintendenoe  of  one  of  our  assistants,  Mr.  Mather. 
It  consisted  of  a  double  commutator,  show-n  in  Fig.  1,  the  apindle, 

D    A  _B. 


Fw.  1. 


to  which  the  commutators  were  locked  by  the  nut,  .V,  being 
ated  at  any  Bi>eed  by  a  amall  electro-motor  not  ahown  in  the 
,re,  to  which  was  attached  a  I'oung'r^  speed-indirator,  which 
►gistered  the  speed  of  rotation  at  any  moment.     The  brushes, 
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-^11  ^n  ''ii  fhj  wen*  fijied  to  the  basebonnl  luid  joined  to  the  bridge, 
i\!t  indicated  in  tlip  tigure.  WUen  the  double  commutator  vas 
rotated  by  the  motor  (of  which  tlie  wpeed  was  correctily  tuljoNtpd 
bv  inefiQB  of  a  Vjirley's  flexible  carbon-resititanceX  the  portion 
A  B  cauned  the  battery  circuits  to  be  i>eriodically  made  and  broken, 
while  tlie  other  jiortion,  C  D,  perioiUcally  sliort-cireaited  and 
iinshort-circuif  ed  the  galvanometer,  no  that  the  following  cycle  of 
o])eration,  called  for  simplicity  oite  ojifintivii,  was  p<'rf<)nned  any 
desired.  n«ml)er  of  tiinea  j>er  minute. 


[tatli-rv  Circnit, 

iMake. 

While  tiiiide. 
Break. 

Wndle  lirokfii. 
ihike. 


CiiilraiiotDeter  Short  Circpit 


While  broken. 
Make. 

While  made. 
Break. 
While  broken. 


I 


Tfie  time,  T,  in  the  formula  given  alwve  is  the  intciTal  that 
ela^wes  in  oiie  rotation  between  the  time  when  the  continuoni' 
liiirt  of  tlie  commutator  A  B  comes  into  coutai't  with  tlie  brusli 
/)';,  awl  thi-  tinif  when  tlie  continuous  juirl  of  the  t^ininuratur 
C  J)  comes  into  contact  with  the  brush  /i^.  This  time  can  bi' 
math-  Kliorter  or  lonj^er  hy  varying  llie  sijeeil  of  rotntion,  hut  it 
iim  also  bi-  \'iiricd  by  loosening  the  nut.  A',  and  i^liifling  one  of 
the  cummut.'itojN  round  relatively  to  the  other,  and  then  sci-ewing 
up  the  nut  ngJihi.  Indeed,  it  Wiis  for  the  jini-]iose  of  enabling  tlii-; 
adjustment  to  be  easily  iiiiide  tlial  double  springs  wei-e  in  ejifh 
wise  em]iloyed.  instead  of  making  one  contact  through  the 
>pindle. 

At  iiboiil  lliis  lime,  tbit  is,  in  the  summer  of  !asl  year,  *<• 
invited  I\[r.  Smnpner,  one  of  tlie  third  year  students  of  the 
Oiitral  Institution,  to  exiHTinieiit  with  this  appnrHtiis,  and 
ge-ncndly,  by  experimenting  and  by  working  at  the  subjeft 
niiitliemuticHlly,  to  tind  out  tlie  ciitinbilitieR  of  tins  new  method  of 
irieasuring  seli'-indnetion,  iilso  lo  sei'  ivlietber  bv  ]»os>ibly  using 
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AplKiralus  in  sftine  ottier  way  the  method  could  Iw  niadi'  evi-ii 
Btill  mort>  spiisitive.  We  take  this  opijoiiuuity  of  Uiankiug  Mr. 
Sumimpr  fur  tite  etiPfg^tic  wny  in  whii-h  ho  lia^  wirkwl  at  the 
£Ubiect,  and  for  Ihe  very  large  iiuinlier  of  fxiierimMlts   on    thr 

tiTBCj  of  varioUB  mod(^  of  measunug  sc If-iiiducI ion  wliidi  h>- 
conducted,  with  flic  occnsion«I  aid  of  tvro  other  of  ihp  ihird 
j-ear  tttudent^,  Ules-rs.  Kos^iter  and  Watiiey. 

Thp  various  methodn  of  testing  wMuh  Mr.  Siiin|mei'  Iiim 
«nploye<l,  (lie  mathenmtical  development  of  the  fovmulir>  used  by 
liim  in  each  cn.se.  and  liig  general  cone  hi  n  ion--  an  t"  the  accuracy  nf 
the  various  methods,  are  given  later  on  jd  the  Ajijiendicew;  hut  oni- 
interesting  result  Hint  he  han  arrived  at  may  hwe  be  mentioned, 
viz.,  that  although  the  apparatus  has  during  the  past  twelv<- 
nionthn  l>pen  gradually  totally  altered  in  detail,  th*- expi-riinent^ 
liave  shown  tliat  ih«  principle  originally  projuwed  for  i-arryiiii; 
out  the  meanurement,  requiring  the  cycle  of  operations  given  iir 
the  foregoing  lublf  to  be  i*riixiically  and  rapidly  performed,  is 
the  sini]ilest  ami  most  arclirate  one  to  employ.  Une  reiison  for 
the  accuraey  of  the  niethinl  h  that  neither  commutator  is  in  anv 
one  of  the  arms  of  the  bridge,  so  that  no  ordinary  change  in  th"- 
resiiEtanop  of  the  conlficts  produced  by  oil  or  dust,  etc,  getting  in 
between  the  sjirings  and  the  rotntiiry  barrels  can  introduce  any 
error  info  the  test.  (If  course  an  actual  failure  of  eontaot  might 
leaid  a  careless  exjierimeuter  to  a  wrong  result,  but  mo  might  n 
disconnection  in  the  Uitterv  or  galvanometer  circuit  in  iin  onHniiry 
Wheatstone's  bridge,  if  ihe  ci>nchision  was  drawn  that,  hecause 
Uiere  wae  no  detlection  on  pressing  down  the  key,  Ijalnuce  had 
been  obtained. 

The  fir.-t  thing  to  Iw  done  after  constructing  the  a|)p»ratn-, 
was  to  ascertain  wiijit  was  the  formula  connecting  the  unknown 
coe£Qcdent  of  Kclf-induotion  with  the  apiwi-ent  increase  of  re- 
sistance of  the  coil,  and  the  time  in  which  the  cycle  of  ojieratious 
was  performed. 

This  furinula  we  calculated  onrselves,  neglecting  the  self- 
induction  of  the  galvanometer,  since  we  felt  that  its  effect  could 
not  be  serious.  Mr,  .Sumjmer,  on  the  other  hand,  took  up  the 
cemplete  problem,  and  we  give  his  proof  reduci-d  to  iln  aiuiple^l 
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form,  Fiince,  in  addition  to  its  application  to  the  experiment  in 
question,  the  calculation  is  interesting  in  coDuectioii  with  the 
problem  of  measuring  the  capacity  of  a  condenser  with  a  Wheat- 
stone'x  bridge  and  vibrating  wippe,  which  will  be  found  worked 
out  by  Clerk  Maxwell,  without,  however,  any  notice  being  there 
taken  of  the  self-iuduction  of  tiie  galvanometer,  the  effect  of 
which,  therefore,  on  the  answer  is  not  considered. 

Fig.  2  shows  the  Wheatstone's  bridge,  8  being  the  resistance 

3- 


'VO.v- 


Fio.  2, 


of  a  coit  with  a  coefficient  of  self-induction  L ;  p,  q,  and  r  are  the 
resistances  of  the  three  other  arms  of  the  bridge  when  they  are 
so  adjusted  that  there  is  no  deflection  of  the  galvanometer  on 
rotating  the  commutators  at  a  certain  speed.  On  rotating  the 
commutatoi's,  a  cuiTent  will  sometimes  pass  one  way  through  thi; 
galvanometer,  and  sometimes  the  other,  but  with  the  |iartienlar 
fpeed  of  rotation  p,  q,  and  )■  aiv  such  tliat  the  total  quantity 
[lassing  thi-ough  the  galvanometer  is  nought.  The  resistance  and 
(.■oefticient  of  self-induction  of  tLe  galvanometer  are  ^  and  X,  and 
the  electro-motive  force  and  resistance  of  the  battery  A'and^ 
Then,  if  ar, ;),  z  be  the  imaginary  curi'ents  on  the  mewhc!:," 

•  For  tlie  nietlitxt  of  solving  tuch  problrais  b;  ihe  emplojiiii^nt  of  tbe«: 
iiiiftginai7  curn-ntg,  see  a  most  interei'ing  paptr  bj-  Dr.  Flpmiiijr,  in  tlie  Pi-- 
•^cdinyt  iijth''  I'htjsxi^tJ  SoTi'f;/,  vol.  vii..  p.  I'l.l. 
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dx 


r(x  -  ff)  +  i^ix  +  z]  +  gx  +X^^  =  0 
b{y  +  s)  +  r{y  -x)  +  e//  +  L ^f  =  E 


b{y  +  zi  +  px 
linating  y  and  ;,  we  liave 

Ax  -h  B'^  + 
lit 


+  qz 


=  E 


P'^~+0       =0     ...    fS) 


lie 


liew  A  = 


fB=\ 


r  +  p  +  3        —1' 

;,  b  p  +  q  +  Ij 

P  +  3  +  »■ 


+  L 


P 


P 
p  +  q  +  b 


(3> 


s  +  i  +  r  h 

b  p  +  q  +  b 

P  =  (p  +  q  +  b)LX, 
C  =  S  (p  8  —  q  r). 

Integrating  (2)  we  obtain 

Ay^  dt  +  hfdx  +  Pf^  dt  +fc  dt  =  o 

The  effect  on  the  gulvanometer  needle  may  be  divided  info 
two  parts— one,  the  first  raeh  of  electricity  that  occurs  through 
it  wlien  the  battery  circuit  is  closed  during  the  time  the  galvan- 
ometer is  not  short-circuited,  and  the  diminution  of  this  current 
through  zero  and  its  increase  in  the  opposite  direction  until  it 
reaches  a  certain  definite  value,  when  the  currents  in  the  arms  of 
the  bridge  have  become  steady ;  theBecond,lhedyingaway  of  this 
i-'veri-e  current  in  the  galvanometer  while  it  is  short-circuited, 
I'hese  two  effects  we  shall  consider  separately. 

To  ascertain  the  amount  of  the  first  effect,  we  must  integrate 
between  (  equals  nought  and  (  equals  T,  since,  by  hyixtthesis,  T 
in  the  interval  that  eiapses  between  the  closing  of  the  battery 
circuit  and  the  short-circuiting  of  the  galvanometer. 

Integrating  between  these  limits,  we  have 

'0 

where  Qi  is  the  quantity  of  electricity  that   flows  through  the 
galvanomfler  in  the  time  7', 


r''^dt=Q„ 
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uDce  this  18  the  final  steady  value  of  the  eurreut  x  which  is  noaght 
nt  time  nought, 

and  -j-T  =  0  at  time  T, 

wince,  by  hypothpsis,  T  is  long  enough  fov  tlie  currents  to  become 

d  X 
Hteady.     To  Hnd  the  value  of  -j-  at  time  nought,  we  have  tJie 

rundamentat  diflferential  equation  for  the  current  through  the 
galvanometer 

wliere  V  in  the  iioteutiHl  difference  at  the  tt-iininals  of  the  gal- 
vanometer at  any  time.  And  sinee  where  t  efjiiidf  nought  x  equals 
nought,  we  have  at  time  nought 

dx  _K 
dt  -  X' 

where  V^  is  the  value  of  the  ijotential  dift'erejitial  at  the  terminali 
(if  the  gill  van  oineter  iif  time  nought 

and  V„=   -    —!LlL..^ 

p  +  q  +  l* 

t-hve  at  time  nought  both  x  and  y  Jire  mmghi,  tlieiefortt  at  time 

noughl 

dx  _  _  f^ jj 

dt   ~       A  (/(  +  5  +  i./ 

and  thwefore  /        ,„  dl-  =  —  .—      — ^       -  ,  . 
•Jo      dt*  \(p  +  ,j  ^  /,j 

Usiiy,  r^  d  t  =  T, 

therefoi-e  wjuation  (3)  reduces  to 

AQ,-Ii^.+  P—-^J!-—-  +  CT=0. 

A  \{p  +  q  +  b) 

Xes;(   let  us  consider  the  dying  awnv  of  the  current  in  the 
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galvanometer  after  it  is  short-circoited.    We  may  now  use  simply 

the  equation 

.    ■»  "^^        rt 
^*  +  ^rfi    =*'' 

if  tlie  resistance  of  the  short  circuit  be  very  small  compared  with 

that  of  the  galvanometer  itself. 

Multiplying  by  rf  i,  and  integrating  from  (  equal  T  to  (  equal 

7*,  say,  the  time  the  short  circuit  is  removed,  we  have 

where  y,  is  the  qnautity  of  electricity  that  passes  through  the 
galvanompter  while  ahortHiircnited.  At  the  moment  after  short- 
eirouiting 

C 
^=  -  J' 
the  steady  value  of  the  current,  since  the  self-indnction  of  the 
galvanometer  prevents  any  instantaneous  change  in  the  current 
passing  through  it,  and  when  (  equals  T'  the  current  in  the  galvan- 
ometer is  nought,  since,  by  hypothesis,  the  time  of  short-circuiting 
7*  —  7"  is  long  enough  for  the  current  in  the  galvanometer  to 
die  away. 


•••.r<'» =-(-!)• 


Now  in  order  tlmt  there  may  be  no  deflection  of  the  galvan- 
ometer, we  must  have 

Qi  +  ft  =  0, 

■'•'A^       AXip  +  q  +  b)       A-^  -  g  •  A' 
Let  ff  he  the  api>arent  steady  increase  of  the  resistance  of  the 
coil  with  self-induction  (of  which  the  ordinary  resistance  is  a) 
produced  by  the  rotation  of  the  commutator  at  speed  correa- 
potiding  with  the  times  T  and  J",  then 

p{s  +  a)  =  r  q, 
.:.(?=  -  Epff. 
Substituting  this  value  for  C,  and  for  P  its  value  fi  X  (p  +  q  +  b) 
in  the  preceding  equation,  we  have 
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Now—  and  -j-  are   usually   small   compared  with    7",  as  is 

shown  in  the  more  general  proof,  page  328,  therefore  when  this  is 
the  case 

L  =  aT, 
the  simple  foniiula  pre\  iously  referred  to. 

Referring  to  Fig,  1,  it  will  be  seen  if  the  brushes  B,  and 
touch  over  a  small  area,  and  if  the  centres  of  these  areaa  are  in  a 
plane   passing   througii   the   itxis  of  rotation,   that    T  U  simply 
equal  to 

angle  lietween  the  slits  in  the  two  commutators 
360  X  number  of  revolutions  per  second. 
We  may  call 

angle  between  the  slits  in  the  two  commutators 
360^  ~~^  ^ 

the  lead  or  I,  and  (  will  be  equal  to  J,  for  example,  when  each  of 
the  cycle  of  operations  given  in  the  table  lasts  for  one  quarter  of 
a  revolution. 

Introducing  I  we  have,  if  tr  be  in  ohms, 

Z  =  —  <r  second-ohms, 

where  n  is  the  number  of  revolutions  of  the  commutator  per 
second,  or 

L  =  —^ —  second-ohms        „,     ...       (6J 

where  N  is  the  number  of  revolutions  per  minute. 

A  large  number  of  experiments  were  made  in  May,  1886,  witha 
a  solenoid  of  whiL'h  the  resistiince  was  about  4  ohms  at  ordinary 
temperatures,  to  see  how  nearly  the  coefficient  of  self-induction 
determined  by  using  the  double  commutator  arrangement  ninnin^ 
at  different  sjjeeds,  and  with  different  leads,  agreed  with  th« 
coefficient  of  self-induction  determined  by  Lord  Rjiyleigh' 
method,  which  gave  0-0215  second-ohm  for  the  solenoid  alone* 
and  0*517  second-ohm  when  a  certain  iron  core  was  introduced 
into  the  solenoid. 

The  following   are   some  of  the   results   obtained   with   the 
solenoid  without  the  irou  core  when  the  lead 
I  =  tV  about : — 


OF  SELF  AND  MTrrUAL  INDDCTION. 


307 


.V 

1  *  a 

<r 

,       HO/ 

0 

4-06 

oeo 

C-70 

2-04 

(HJ20U 

7110 

7ttO 

L>-1I4 

sdo 

7-BO 

3-44 

o^m 

Mr 

8-00 

3-94 

1117 

8-50 

4-44 

1S40 

0-00 

4!H 

13G2 

B-50 

S-44 

0-0300 

I4uO 

11-00 

ll'34 

1S50 

12-00 

7-3t 

0-0204 

ssas 

13-50 

9-44 

0-020;! 

Plotting  these  results  on  ajuared  paper,  we  obtain  the  curve 
M(Fig.3),  the  ahscissa;  representing  the  values  of  A^,  the  number 
15. 
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of  revolutions  per  minute,  and  the  ■irdiniites  the  values  of  «  +  cr, 
the  Jipparent  resistances  of  the  solenoid  at  the  various  speeds. 
This  curve  we  see  is  s  perfectly  straight  line,  wLifh  means  that 
the  increase  of  resistance  is  proportional  to  the  speed ;  or,  in  other 
words,  the  apposimate  formula  (5)  for  calculating  L  nmy  he 
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<-ii]Xjloye<l  with  any  of  t)ie  resnlts,  aoil  the  rslne  of  Lwo  obtained 

from  a  f*-w  of  the  revolts  is  given  in  the  last  oolumn   of  the 

]inri;rr(]ir]g  table.   That  ve  may  use  the  ajiprDsifflate  formtUa  at  all 

fur  i  sh'-iTB  u-i  tliat  the  term 

X  _  B 

9         A 

in  thi- e.tjirfr^^ion  lAf  is  negligible  in  oomj>arifOii  vitb  T;  and  that 
»>-  may  0-e  it  even  for  the  result  obtained  with  (he  highest  Epeed 
of  rotation  emifloye*!,  viz.,  3,335  revolution,*  per  misute,  shows  na 

1  hat  :    -     - ,-.-.-.  niirmte,  or  abont  0-0022  of  a  second,  which  is  the 

t  iiiie  T,h<-  galvaooiii'-tifr  remains  un short-circuited  after  the  battery 
i.-in.-uit  >•.  closed,  i^^  I'mg  enough  for  the  currents  in  the  bridge  to 
reach  ihcir  i-teady  value. 

'I'luf  valufr:-  of  the  coefficient  of  self-indaction  obtained,  OH320, 
aj'r  ap]>r'jximately  c'^ual  to  0*0215  second-ohm,  the  value  obtained 
liy  l^ml  Itayleigh's  method,  and  that  they  are  not  exactly  the 
same  arises  from  the  difficnlty,  already  referred  to,  of  estimating 
the  lead  I  accurately  with  the  eye.  This  would  not  introduce 
any  iuaceuracy  in  the  actual  use  of  the  instruments,  since  for  a 
given  a^ljustirient  of  the  relative  positions  of  the  commutators  ^4  5 
fiinl  0  h  in  Fig.  ],  the  value  of  I  is  a  constant,  and  this  value 
wMil'l  111;  dcleriniiieil  once  for  all,  nrrt  by  the  eye,  but  hy  an  actual 
ex|n,iiiiiitii  ifi!i<k-  with  a  coil  of  known  self-induction.  We  were 
noi,  however,  ualilmiting  the  instrument  on  the  as!;umptiou  that 
i!.i-  iiiiiiroxiiaate  fdriiiiila  Co )  was  true,  but  using  the  instrumeot 
:■•  !-oi;  how  neiirly  (-'))  might  be  employed.  In  our  esi)eriment  I 
■.Ml-  proliabjy  not  -.'^  exactly,  but  triore  nearly  Jy. 

Kx]icriiiiculrt  were  now  made  with  the  lead  f  equal  about  to  0'3. 
■    I  =  0-3  about. 
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These  results  when  plotted  give  the  straight  line  BBB. 
Instead,  therefore,  of  calculating  the  value  of  L  from  Beveral  of 
the  results,  as  before,  we  may  more  accurately  determine  it  from 
the  point  at  the  end  of  this  line  corresponding  with  a  speed  of 
3,000  revolutions  i>er  minute,  and  an  apparent  resistance  of  7'7 
ohms,  that  is,  an  apparent  increase  of  3-64  ohms.  This  gives  for 
L  the  value  0*0218  second-ohm,  also  not  differing  much  from  the 
true  value  0-0215  second-ohm,  considering  that  the  exact  value  of 
the  lead  vas  not  known. 

Lastly,  experiirientfl  were  made  with  a  lead  of  about  \,  with  the 

following  results:  — 

{  =  i  about. 
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Here  again  the  points  all  lie  very  nearly  in  the  straight  line 

CO  C,  and  the  values  given  in  the  last  column,  calculated  from 

some  of  the  points,  are  all  nearly  equal  to  one  another  and  to  the 

tnie  coefficient  of  self-induction  of  the  solenoid. 

It  is  clear,  therefore,  that  with  speeds  up  to  3,000  revolutions 

per  minute  and  higher,  and  with  leads  varying  from  -^  to  ^,  any 

single  eiperimenfc  correctly  made  gives  the  true  value  of  the 

Self-induction  by  the  use  of  the  simple  formula 

J.  60  I 

L  =  -^  a. 

We  see  from  the  formula,  and  from  the  experiments  which 
Substantiate  it,  that  the  smaller  the  lead  and  the  higher  the 
^I>«ed  of  rotation  of  the  commutating  arrangement,  the  larger  in 
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-  vsl"*  'jf  avftir^i;  iscr*4.-r-  of  r«i?iaijc*,  tia*  U.  the  more 

T:.*  ir'.-n  '.«■.■:■*■  ■st^j  y-OT  izi^r.-rl  in  tb*  i-i-Ien-Mi  and  a  series  of 
jtrf.iies'.i  mad-r-  ■r.'h  Irta-fs  e;-^!  ro  ■j'jt  l»  *!»  i»»  ™  *^ 
'/^rAvi  i^*'  of  (-ir-erisie^: -.     T:.*  r^f^ilTS  an?  shovn  far  the 

v«  IjlfD,EEE.FFF,GGGTii.Ai.    It  will  be  obserred 


Ml       «C4 


that,  iililiougli  thf  siieci]  of  rotation  of  the  commutating  arrange- 
infiit  "li'l  not  exci-<-il  6W)  revolutions  per  minute,  the  obsen'atioiis 
<lo  not  lift  f-vcn  aiiiiroximatelv  in  a  straight  line,  until  the  lead  )^ 
is  tinployijd,  and  i-ven  when  the  hist  lead,  J  J,  is  used  there  is  stilB- 
turvaliirrt  in  thf;  line.    Thi-  great  difference  between  the  curvatur^^ 
of  the  linits  for  a  range  of  even  slow  speeds  when  the  iron  cor^* 
is  iiitniduwd,  and  tlic  jH-rfect  straightness  of  the  lines  beyont^ 
the  highest  sjn-fd,  2,800  revolutions  per  minafe,  employed  witl:^ 
tlin  soleiioiil  alone,  arises  from  the  coefficient  of  self-inductioC^ 
of  the  solenoid,  with  the  iron  core  inserted,  being  about  twenty — 
WiH  limes  as  great  as  the  self-induction  of  the  solenoid  aloue— ~ 
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Henoe  the  smallest  iutervRl,  T,  between  the  closing  of  the 
battery  circuit  and  the  short-circuiting  of  the  galvanometer 
that  can  be  employed  is  much  larger  when  the  iron  core  is 
inserted  than  when  the  solenoid  alone  is  used.  Consequently 
the  lead  must  be  large  or  the  speed  must  be  slow  for  the 
results  to  lie  in  s  straight  line.  The  curve  DDD,  obtained 
with  the  lead  of  about  Vn  is  too  far  from  straight  for  any  [wrtion 
of  it  to  be  used  in  calculating  the  coetlicient  of  self-induction, 
with  the  simple  formula;  in  other  words,  so  small  u  lead  woa 
unsuitable  to  be  used.  The  greater  part  of  the  next  curve,  E  E  E, 
is  also  too  far  from  straight  to  he  used ;  but  the  first  observation, 
corres}H>uding  with  a  speed  of  156  revolutions  per  minute  and  aa 
api)arenlly  increasing  resistance  of  Sohms,  ison  a  portion  of  the 
cone  MifHciently  straight  to  give  an  answer  not  much  smaller  than 
tlie  truth.     The  result  so  obtained  13 

60  X  1 


L  =- 


X  8 


13li  X  6 
=  0'513  second-ohm, 
which  is  not  very  much  less  than  the  true  value  of  the  coefficient 
of  self-induct iou  of  the  solenoid  with  the  iron  core,  as  determined 
by  Lord  Rayleigh's  method,  wjiioh,  as  before  mentioned,  gave 
0'517  second-ohm. 

^H      With  the  lead  of  about  ^-J  the  lowest  qieed  at  which  an  obaer- 

^B*ation  was  taken  was  170,  corresponding  with  an  apparent  increase 

^Bof  resistance  of  4  ohms.     This  gives 

^^  tiU  X  13 


L  = 


X  4 


170  X  36 
=  0-510. 

If  we  take  the  next  speed,  260,  eorresjionding  with  an  increase 
resistance  of  6  ohms,  we  find  L  equal  to  O-SOU, 
The  last  cui-ve,  QOO,  obtained  with  the  largest  of  the  leads, 
about  ^i,  is  the  one  that,  being  straightest,  will  probably  give  the 
j_Jbest  results,  but  as  even  this  is  not  quite  straight  we  must  expect 
^bo  obtain  slightly  too  low  a  value.  The  two  first  observations 
^P»rresiiond  with  speeds  of  220  and  355  revolutions  per  minute, 
^j)rodui'ing  an  apparent  increase  of  resistance  of  4  and  6  ohms. 
he  values  of  /.  obtauied  from  these  results  are  0-515  and  0-482 
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Becond-ohm,  from  which  we  should  conclude  that  the  true  answer 
was  a  little  higher  than  O-ol^  gecund-uhui,  and  this  we  kuovr  u 
correct,  as  the  true  answer  is  0*517  second-Kihia. 

That  it  is  necessary  to  employ  only  slow  speeds  when  the 
coefficient  of  eel  f-in  duct  ion  of  &  coil  ia  large  comjiared  vrith  its 
resistance  is  no  disadvantage,  since,  when  this  is  the  case,  the 
apparent  percentage  increase  of  resistance  at  even  slow  Pjieeds  is 
great,  and  so  can  be  accurately  measured. 

The  ]>receding  series  of  L-xperiinentti  have  been  made  simply 
for  the  puqiose  of  experimentally  investigating  the  law  of  the 
instrument,  and  it  is  of  course  not  at  all  necessary  to  make  all  these 
observations  for  the  purjwse  of  measuring  the  coefficient  of  self- 
induction  in  any  jiarticulaj  case,  nor  is  il  necessary  that  the  com- 
mutator should  be  able  to  he  run  at  a  number  of  known  ejieeds.  If 
the  instrument  is  to  be  used  to  measure  coefficients  of  self-induction 
the  values  of  which  do  not  vary  between  very  wide  limits,  then  it 
is  sufficient  if  the  instrument  be  constructed  so  as  to  run  at  one 
fixed  speed  which  is  not  too  high  for  the  currents  to  become 
steady  with  the  largest  coefficient  of  self-induction  that  the 
instnimcnt  is  designed  to  measure.  If  the  instrument  be 
required  to  measui'e  coefficieuts  of  self-induction  all  having 
rather  a  large  value,  and  also  coefficients  of  self-induction  sU 
having  rather  a  small  value,  then  it  would  be  desirable  to  con- 
struct the  instrument  so  that  it  would  ran  at  either  one  low 
known  speed  or  at  one  high  known  speed.  The  greatest  sensibihty 
in  the  measurement  of  coefficients  of  self-induction  of  which  the 
values  range  within  wide  limits  U  obtained  hy  constructing  the 
instrument  so  that  it  can  run  at  a  number  of  known  speeds.  In 
practice,  such  a  wide  range  instrument  would  be  used  as  follows: — 
Before  the  instrument  left  the  maker's  hand  the  lead  would  be 
fixed  and  experimentally  accurately  determined  once  for  all,  and 
60  X  i  might  be  called  the  constant  of  the  instrument  A",  An 
experimenter,  in  determining  the  coefficient  of  self-induction  of 
any  coil,  would— 

Firnl.  Measure  the  resisiance  of  the  coil  in  the  ordinary  way. 

Second.  Rotate  the  instrument  at  some  convenient  s|»eed, 
which  must  be  noted,  say  A"  revolutions  per  minute,  and  by  alter- 
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ing  the  resistance  in  one  of  the  arms  of  tbe  bridge  until  the 
galranometer  needle  again  comes  to  zero,  observe  the  apparent 
increase  of  resistance  of  the  coil,  a-  say. 

Third.  Rotate  the  instmment  at  some  other  convenient 
measured  speed,  Bay  Jf,  and  measure  the  apparent  increase  of 
resistance  of  the  coil,  say  <r',  above  its  original  value. 

the  apparent  increase  of  resistance  obtained  with  either  speed 
may  be  used,  and  the  required  coefficient  of  self-induction 

if,  on  the  other  hand,  -£  jg  larger  than  %f!t  then  the  speed  JT  is  too 

high,  and  possibly  also  is  N,  to  give  accurate  results.  Therefore 
use  a  speed  N"  lower  then  N,  and  measure  the  new  increase  of 
resistance  <r". 

Z  -  e1 

If  now  A'  ~  A^"' 

the  speed  iV  was  not  too  high  to  give  accurate  results,  although 
iV  was ;  hence  the  apparent  increase  of  resistance  obtained  with 
either  the  speed  N  or  N"  may  be  used,  and  the  required  co- 
eflScient  of  self-induction 

If  -^  be  only  a  liUle  greater  than  -^,  and  if  N'  -muck  exceeds 

A',  then  it  will  not  be  necessary  to  make  a  third  e^iieriment  at 
the  lower  speed  JV"  imless  very  accurate  results  are  desired,  for 
the  coefficient  of  self-induction  can  only  be  a  very  little  greater  than 


K-xr, 


which  may  therefore  be  practically  taken  as  the  correct  value. 

By  the  ainvple  addition,  therefore,  of  such  a  commutating 
arrangement  ae  we  have  described  to  an  ordiruiTy  Wkeatstone's 
bridge,  it  becomes  possthle,  whenever  the  resistance  of  a  anl, 
electro-^magnet,  etc.,  is  being  measured,  to  measure  also  the 
coeffieieiit  of  self-induction  in  absolvie  Tneasure,  by  a  zero  method 
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which  is  as  aenaitive  for  the  measurement  of  adf-vnduetion  at 
the  ortUitary  WheaMoTie'a  bridge  method  is  for  the  mecuurvmml 
of  resistatux. 

From  what  precedes  it  follows  tliat 


so  tliat  if  Sly  8,  be  the  apparent  resistances  of  the  coil  at  two  speeds, 
JV„  A',  revolutions  per  minute,  the  speeds  not  being  too  large, 

I'   *i  —  *i  ■ 

A,  —  A, 

hence  the  coefficient  of   aetf-iTtdtiction  can  be  detw^iined  from 

two  experiments  made   with  the  revolving  dovMe   commvutaior 

viithoiU  knowing  tlie  true  resistance  of  the  coil  at  oU. 

If  tliere  be  doubt  as  to  whether  the  speeds  K^  and  N^  are  too 

large,   a  third  check  speed,  iV,,  may  be  used ;   or  instead,  as 

explained  in  Appendix  II.,  a  rough  test  of  the  resistance  of  the 

coil  for  steady  currents  may  be  made ;  but  time  need  not  be  spent 

in  obtaining  an  accurate  balance,  aa  qaite  a  rough  balance  can 

be  used  as  follows  : — Let  0  on  the  scale  be  the  true  zero  for  no 

current   passing  through  the  galvanometer,  and  let  the  spot  of 

light   be  at,  say,  156  (li\'isiona  when  an  approximation  is  made 

to  baliuioe  for  steady  cun-ents,  the  resistance  of  the  coil  appearing 

to  be  8  ohms.     Then  the  zero  to  be  used  in  making  the  second 

and  third  tests  just  described  is  ^  X   156,  where  I  in  the  lead 

and   ff  is  to  be  reckoned    as   the   increase   above   the   approxi- 

malc  value  of  the  resistance  for  steady  currents. 

COMMKHCIAL   FORMS   OF   THK   INSTKUSIE?^. 

Tlic  long-iange  instrument  previously  described  requires  an 
elcctro-inotor  to  drive  it,  and  a  speed-indicator  to  register  its  speed, 
hence  ii  would  be  too  cumbersome  for  everyday  work.  Further, 
as  it  is  very  difficult  to  maintain  the  absolute  constancy  of  the 
sjM'cd  of  a  small  motor  driving  a  friction  brake,  like  our  commu> 
lilting  arrangement,  at  a  high  speed  for  any  considerable  time, 
ill  <'onse([ueTice  of  very  slight  \aviations  in  the  friction  of  s  high- 
speed brake  producing  marked  variations  in  the  speed,  it  requires 
two  experinLeiiters  to  use  the  fonn  of  our  instruments  already 
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described ;  one  to  vary  the  resistance  iintil  the  galvanometer 
needle  coraea  to  zero,  and  the  other  to  note  the  Biwecl  of  the  motor 
at  the  moment  that  the  first  experimenter  gives  a  signal  that  the 
galvanometer  needle  is  at  zero. 

Hence,  in  the  autumn  of  last  year,  we  were  led  to  consider 
wlijit  form  shonld  he  given  to  the  commercial  instrument  to  be 
used  for  the  measurement  of  self-induction  in  thiswav.  Tlie  main 
condition  of  the  problem  was  that  the  instrument  should  be  able 
to  be  used  by  one  ex]}erimenter  alcnie,  since  one  esperimentet 
alone  can  measure  a  resistance  with  a  "WTi  eat  stone's  bridge,  and 
therefore  we  felt  that  if  another  experimenter  had  to  be  summoned 
when  H  coefficient  of  self-induction  had  to  be  measured,  the 
instrument  would  lose  mnch  of  its  practical  value.  Our  first  idea 
was  to  employ  flockwork  that  mould  drive  the  commutating 
arrangement  at  various  fixed  speeds,  determined  by  the  adjustment 
of  a  certain  powerful  governing  an^angement,  and  to  this  end 
commatatorsofverysmalt  diameter  were  constructed,  so  as  to  waste 
only  a  small  amount  of  power  in  friction  and  interfere  but  little 
with  the  action  of  the  governor.  The  problem  at  first  sight 
appeared  an  easy  one,  bnt  the  experiments  of  one  of  our  assistants, 
Mr.  Bourne,  whom  we  have  to  thank  for  the  many  ingenious 
devices  that  he  has  suggested,  and  for  the  skill  that  he  has 
brought  to  bear  in  the  construction  of  the  various  experimental 
forms  that  the  apparatus  has  passed  ttirough  in  its  development, 
showed  that  in  consef|Uence  of  the  high  sjieed  of  the  commutator, 
and  of  its  acting  as  a  friction  brake,  good  results  could  only  be 
obinined  with  clockwork  of  such  unwieldly  dimensions  as  to  make 
impossible  for  the  instrument  to  be  made  portable ;  further,  it 
s  contrary  to  our  engineering  instincts  to  employ  an  aiiparatus 
'hich  wasted  so  large  a  ]iortion  of  the  power  required  to  drive  it 
in  the  governing  arrangements. 

I  When  making  the  exjieriments  with  the  original  commutating 
apparatus,  two  methods  suggested  tbemselves  of  obtaining  a 
balance — the  one,  to  try  and  to  keep  the  speed  oE  the  electro- 
motor nearly  constant,  and  to  vary  the  resistance  of  one  of  the 
arms  of  the  bridge,  by  trial,  until  the  galvanometer  needle  came 
zero ;  the  other,  to  commence  by  increasing  one  of  the  arms  of 
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the  bridge  by  a  definite  amouni,  and  to  vary  the  B|>eed  of  the 
«lectro-motor,  by  trial,  until  the  galvanometer  needle  came  to 
zero;  and  it  soon  ajijieared  that  the  second  metliod  was  the  one 
that  would  have  to  be  adopted  iu  a  praotic-al  instrument,  since, 
while  it  is  very  difficult  to  maintain  u  constant  s^peed,  there  is  no 
difficulty  in  obtaining  a  gradujiUy  diminishing  or  increasing 
speed.  For  esample,  the  apparatun  may  be  provided  with  a  fly- 
wheel having  a  large  inonienl  of  inertia,  and  may  be  driven  by 
hand  more  or  lens  fast  until  the  gaivanomtter  needle  comes  to 
zero.  The  next  atep  in  order  to  avoid  the  necessity  of  a  second 
eaperimentfr  was  to  devise  a  recording  epeed^indicator,  and  the 
best  form  that  we  have  arrived  nt  is  baeed  on  the  principle  that 
we  employed  in  con  strut-ting  an  apimratus  some  years  ngo  for 
esperiments  on  centrifugal  force,  described  ut  a  meeting  of  the 
Physical  Society  at  the  time,  and  iu  regular  use  in  the  tnechanical 
laboratory  of  tlie  Kinsbnry  Tcclmical  I'oUege  ever  since,  for  experi- 
ments on  centrifugal  force. 

Attached  to  the  commutator  of  our  self-induction  apparatns 
is  a  bos,  B  (Figs.  5),  fitted  with  weighted  elastic  sides  mode  of 
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■corrugated  steel,  which  fly  out  more  and  more,  under  the  action 
of  centrifugal  force,  as  the  box  is  rotated  faster  and  faster. 
A  stout  glass  tulie,  G,  of  comparatively  araall  bore,  open  at  bolli 
<ndB,  is  cemented  into  a  collar  in  the  axis  of  the  box,  and  rotates 
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itb  the  bos.     The  box  is  completely  filled  with  mercury,  and  the 
ube  partially,  hence  when  the  volume  of  the  bos  eipanda  as  its  sides 
^Jy  out  the  length  ofthetolumn  of  mercury  in  the  tube  diminishea, 


met 
to  I 


msequently  the  length  of  the  column  at  any  moment  is  a 
measure  of  the  speed  of  rotation  of  the  box.  In  the  neck  of  the 
ar,  Gt  in  which  the  tube  is  cemented,  there  is  a  steel  tap  attached 
o  an  axial  spindle  jiasging  through  n  tube  inside  the  bos,  and 
projected  out  of  this  tube  at  the  other  end  of  the  box.  If  this 
spindle  be  turned  relatively  to  the  box,  the  tap  is  opened  or  closed. 
At  the  commencement  of  an  esperiment  the  tap  is  opened,  and 

le  handle, //,  is  turned  with  the  right  hand,  faster  and  faster,  until, 
depressing  the  key,  A',  with  the  left  hand  from  time  to  time,  the 

Ivanometer  needle  is  seen  to  be  approaching  zero,  or  the  ajxit  of 

;ht  the  zero  jMsition  on  the  scale.  The  key  may  now  be  kept 
fepressed,  and  on  turning  the  handle  a  little  faster  a  speed  is  at 
length  reached  jivoduciug  exact  balance, — if  the  handle  be  turned 
bster,  the  needle  or  sjHit  of  light  deflects  to  «ie  side  of  the  zero, 
if  more  slowly  to  the  other, — at  this  moment  the  trigger,  T,  is 
lightly  touched  with  the  left  hand  and  a  spring  is  liberated. 
This  ha.''  the  effect  of  producing  a  resistance  to  the  rotation  of  the 
tap-s]Hndle,  which  previously  was  rotating  freely  with  the  rotating 
box,  and  the  lap  is  thus  turned  off,  cutting  off  the  connection 
between  the  mercury  in  the  glass  tube  and   that  in   the  box. 


su 
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Conseqaeatly  the  mercury  in  the  tube  remaitii^,  even  after  tlie 
instruioent  ia  stupped,  of  exnctly  the  same  leagtii  that  il  had  when 
the  trigger  was  touched.  The  position  of  tlie  end  of  thretut  of 
meivw}"}/  in  the  tube  is  iiou/  read  off  mi  the  ecale  attacked,  and  the 
■apparent  increase  of  remstance  of  t!iecoU,eiectro-niag»et,oT  w/tat- 
cver  it  may  Ijc,  divided  by  the  nuvibfr  o»  the  scale,  gives  the  rehired 
coefficient  of  self  induction  in  eecondrohma  wUkout  aoiy  fwrthrr 
calculation. 

The  inBtrument  is,  therefore,  direct  reading. 

This  tirat  form  uf  recording  speed-indicator  was  designed  to  be 
used  vertically,  its  may  be  seen  from  the  ligure,  but  we  soon  found 
that  great  advaiitageB  were  to  be  gained  by  placing  it  horizotdid. 
If  the  glass  tube  be  vertical  the  mercury  iii  the  tube  exerta  a 
pressure  on  the  elastic  sides  of  the  box,  which  dimiiiiabes  as  the 
mercury  falls  on  the  speed  of  rotation  being  increased.  This 
diminution  of  pressure  causes  the  mercury  not  to  fall  so  much 
for  a  gi\en  speed  us  it  would  were  there  no  variation  in  the 
pressure  due  to  the  mercury  in  the  tube,  and  so  it  diminish^ 
the  sensibility.  Consequently  we  were  led  to  place  the 
ap]iarRtu3  horizontal.  Further,  since  the  mercury  in  the  tube 
exerts  no  pressure  on  the  elastic  aides  of  the  bos,  the  amount  of 
mercury  in  the  tube  does  not  in  any  way  affect  the  sensibility, 
provided  that  the  scale  is  so  placed. that  the  zero  is  opposite  the 
end  of  tlie  thread  of  mercury  when  the  box  is  at  rest.  Hence, 
should  any  Kpilling  of  the  mercury  by  accident  occur  when  the 
instrument  ia  moved  about,  the  accuracy  of  the  readings  is  not 
altered.  So  that  by  placing  the  tube  horizontal  we  obtain  greater 
sensibility  and  constancy  in  the  readings. 

A'ariations  in  the  temperature  from  day  to  day  uauae  alterations 
in  the  volume  of  the  mercury,  and  so  alterthe  length  of  the  threaii 
of  mercury  in  the  tube,  but  this  also  introduces  no  error  in  the 
experimental  result,  nor  difficulty  in  using  the  insirument,  siuw 
before  the  com  men  cement  of  the  esperiment  the  scale  is  slightly 
moved  until  the  zero  on  it  comes  opposite  the  position  occupiwl 
by  the  end  of  the  thread  of  mercury  on  the  day  in  question  when 
the  box  i.-^  at  rent. 

At  fii^t,  rotating  commutators  similar  to  thoBe  shown  in  Fig,  1 
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were  employed  with  the  ajipamtus  ahown  in  Fig.  5 ;  next  the 
ihes  were  made  of  a  variety  uf  different  forms,  so  as  to  press 
radially  on  the  rotating  commutators  to  prevent  the  wear  altering 
the  lead  and  thus  changing  the  sensibility  of  the  iiistniment ;  but 
this  form  of  commutator  has  at  length  been  entirely  superseded 
by  the  two  oscillating  arms,  or  bnishes.  A,  A,  worked  by  a  cam- 
ch  arm  is  composed  of  several  pieces  of  hard  co]iper,  contjict 
ing  made  through  the  ends,  as  in  many  of  the  switches  now 
used  for  electric-light  work.  The  end  of  each  brush  alternately  rubs 
a  flat  piece  of  ]>hosphor  bronze,  P,  P,  when  it  makes  contact,  and 
Rjlat  piece  of  glass  or  agate,  g,  when  it  does  not.  This  form 
commutator  we  found  superior  for  our  puriiose  to  the  double 
cylindrical  one,  since,  with  the  two  oscillating  arma,  the  lead 
can  be  more  easily  varied  for  adjustment ;  and  this  slight  adjust- 
ment of  the  lead,  we  may  here  mention,  forms  the  fine  adjust- 
ment in  the  construction  of  this  direct-reading  instrument. 
Further,  the  slow  wearing  of  this  form  of  brush  does  not  alter  the 
lead,  consequently  the  value  of  the  graduations  of  the  scale 
remains  constant. 

The  leatl  aimed  at  in  the  construction  of  these  instrnmenta 
is  ^,  as  that  gives  an  equal  time  to  each  operation,  but  in  any 
actual  instrument  it  may  be  made  a  little  more  or  less  than  f, 
being  aliglitly  altered,  as  just  eiqilained,  in  the  final  adjusting 
of  the  instrument  by  the  maker. 

It  might  appear,  at.  first  sight,  that  the  two  ends  of  an 
oscillating  lever,  or  tlie  two  prongs  of  a  vibrating  timing-fork, 
vonid  perform  the  required  makes  and  breaks  in  the  right  order, 
t  a  reference  ta  the  cycle  of  operations  given  in  the  table,  jiage 
tK),  and  a  little  consideration,  will  show  that  the  two  prongs  of  a 
tnning-fork  cannot  perform  the  required  cycle  of  operations  in 
the  eorrect  order. 

Following  the  precedent  of  naming  an  instrument  after  the 
of  the  unit  employed, — for  example,  "ammeter,"  "voltmeter," 
'c^rmmeter,"  "wattmeter," — it  seems  desirable  to  call  this  instru- 
ment afti-r  the  name  of  the  commercial  unit  of  self  and  mutual 
induction.  The  abBolute  electromagnetic  unit  of  self  and  mutual 
induction  is  one  centimetre,  a  name  used  by  all  scientific  nations. 


^tni 
^the  w; 
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But    the    commercial    tmit    of    self   and    mutual   iuduction    is 
99,777  X  10*  centimetres,  or  the  second-ohm,  which  is  about  2*3 
in  A  thousand  less  than  10*  centimetres,  or  one  earth's  quadr&nt. 
Now  in  spite  of  the  difference  betveen  these  two  numbers,  which, 
although  small,  it  is  a  [lity  to  lose  sight  of,  the  English  word 
"  quadrunt "  is  not  used  in  French,  therefore  it  would  not  be  well 
to  suggest  this  word  as  the  international  name  for  the  unit.  Yet  it 
is  most  important  that  somt-  name  should  be  universally  adopted, 
eiuce  the  use  of  simple   familiar  names  has  much  to  do  with 
making  people  familiar  with  the  laws  of  the  effect  measured  by 
the  unit.     The  unit  of  electrostatic  capacity,  the  farad,  has  been 
called  after  the  greatest  esperimentnl  worker  in  electricity;  it 
would  therefore  seem  appropriate  that  the  unit  of  electromagnetic 
cajmcity  should  be  called  after  .Maxwell,  the  greatest  mathematical 
worker  in  electricity.     We  do  not,  however,  like  to  prt^Kwe  this, 
as  we  feel  there  might  he  difiBculty  in  obtaining  the   general 
acceptance  of  the  name  of  an  Englishman,  however  great,  unless 
it  were  sanctioned   by  an   international  electrical   congress,  or 
unless  the  man's  name  waa  intimately  associated  in  men's  minds 
with  self  and  mutual  induction.    And  Maj well's  large  contribution 
to  the  subject  of  electromagnetic  induction  is  surrounded  by  his 
equally  large  contributions  to  all  other  branches  of  electricity  and 
magnetism — a  giant   surrounded    hy   giants   is   not   prominent- 
Coming   to   the   last   two   years,  we   are   glad   that   the   leader" 
and   all   those   who  have  followed  him   in   taking  part    in    th& 
widening    of   our    ideas    on    self-induction    are   still   with    u?— 
Hence  we   are   driven    to   suggesting   a    temporary   name    foe" 
the  unit,  and  as  the  first  three  letters  in  "second"  are  commo 
to  the  name  in  English,  French,  German,  Italian,  etc.,  and  oh 
is  also  common,  we  venture  to  suggest  "  seeokvi  "  as  a  proip-isional 
name,  and  our  instrament  we  will  therefore  call  a  "  Sfcohmviet^.' 

Unless  the  glass  tube  in  the  Secohmmeter  just  described  b^ 
rather  long,  either  the  sensibihty  or  the  range  of  the  instruments 
must  be  limited;  but  a  very  long  straight  tube  would  make  th 
instrument  inconveniently  large,  and  a  rapidly  rotating  spiral 
tube  would  probably  break  from  centrifugal  force  acting  on  thes^ 
parts  of  the  tube  that  were  not  on  the  axis  of  rotation.    Kent.-^  , 
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le  latest  form  "f  Secohiumeter  (Fig.  6j  we  have  been  led  t& 


f  10.  6.   iHPHOVIU   i^ECOBKlUTER. 

*<aploy  a  MatioiMri/  »,\}\mi  glass  tube,  G,  with  its  end  cemented 
"^to   a   stationary    liollow   steel   conical    plug   fitting  mercury- 

n'- "'■'"•■■""■■' ' 
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weighted  elastic  sides.  This  arrangement  eimplifiea  the  Up 
iitechaaism,  T,  seen  to  tiie  left  of  the  second  tigiire  in  Fig.  6, 
M  the  tap  now  is  not  rotating,  also  many  Email  improve- 
ments have  been  introduced  into  this  last  form:  for  exiinipl^, 
at  all  the  joints  there  is  mercury  under  pressure,  so  that  there  is 
no  tendency  for  air  to  be  drawn  into  the  apparatus  at  the  jointJ, 
a  fault  which  sometimes  occuri'ed  with  the  earlier  form  of  the 
apparatus,  and  led  to  irregularities  in  the  readings  from  a  bubble 
of  air  in  the  box  acting  as  an  air  spring,  or  from  air  in  the  glusa 
tube  altering  the  length  of  the  thread  of  mercury.  The  temiiern- 
ture  adjustment  in  this  last  form  of  the  Secohmmeter  is  made  by 
screwing  the  screw,  i?,  in  or  out,  which  elightly  alters  the  volume 
of  the  fitatiouary  portion  of  the  mercury  vessel.  The  fly-wheel, 
F,  has  been  made  to  have  a  much  larger  moment  of  inertia,  anJ 
the  bos,  B,  is  placed  inside  it  ao  as  to  be  screened  from  accidental 
damage. 

As  both  the  wires  from  the  battery  and  the  galvanometer  come 
to  the  Secohmmeter,  it  is  provided  with  a  bridge  key,  bo  that  the 
test  of  the  ordinary  resistance  of  the  coil,  elect ro-magnel,  etc., 
can  be  made  by  using  the  same  key  as  is  used  in  putting  on  the 
battery  when  the  self-induction  experiment  is  being  made.  When 
the  bridge  key  is  being  used  in  the  ordinary  way  to  tirst  close  thf 
battery  and  then  the  galvanometer  circuit,  it  is  obviously  necessary 
that  the  battery  circuit  should  not  be  permanently  broken  nor  t\\e 
galvanometer  short-circuited  at  the  commutators  of  the  Secohiu- 
meter,  which  may  by  chance  have  been  left  after  the  last  e: 
Eoent  in  a  position  which  does  one  or  both  of  these  things. 

Hence,  when  using  the  first  form  of  the  apparatus  (Fig, 
we  were  compelled  to  alwaya  make  sure  that  the  commutatii 
arrangement  was  put  in  the  right  position  when  at  rest  befo 
making  the  ordinary  bridge  test.  Finding  this,  however,  ral 
troublesome,  the  key  in  the  instrument  (Fig.  0),  is  made 
the  following  special  way;— In  addition  to  the  knob,  K,  and 
the  toi>-spring  being  able  to  be  depressed,  as  on  an  ordinaiy 
bridge  key,  it  can  be  moved  sideways,  and  a  cam  and  spring  caun' 
it  to  remain  in  one  or  other  of  two  definite  positions.  \\'ln-ij 
turned  to  the  left,  the  commutators  ai'e  cut  out  altogether,  and 
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ihe  key  act*  as  a  .simiile  bridge  key,  so  lliat  on  beinjj  ilcpressed 
it  elosp.i^  tlie  battery  (.'ircuit  and  then  tbe  giilvanometi-r  uirciiit ; 
but  when  turned  111  the  right,  tlie  <^oin mutators  ure  introduceil, 
ihe  one  into  the  liattery  circuit,  the  other  into  the  galvan- 
ometer short  i-ircuil,  and  the  key  now  simply  enables  the  battery 
'irciiit  to  be  closed  now  ami  then,  or  kejit  i>ennanently  dtised 
ivben  balance  i.s  beini;  obtained  during  Ihe  aelf-iniiuction  test. 

In  the  last  form  of  iheinMtrument  (  h'ig.  6),  with  thestafioniiry 
"piral  glas>  tube,  Ihe  knob  ■■fihe  key  has  no  side  motion,  and  the 
connection  of  t iie  i-oniiimiating  tirningeiiLcnt  with  the  bridge  or  ii:- 
disconnection  fi-om  the  bridge  i:^  effected  by  an  auxiliary  phig  key, 
30;  but  Messrs.  Xalder  Bros.,  the  miikprs  of  the  Secohmmeter,  are 
»-ather  in  favour  of  a  fiiniple  meant^  of  carrying  out  the  method, 
"which  we  used  with  the  tir>t  form  of  the  ajuwratus,  of  jjiucing 
the  cominutating  arrangement  on  the  right  ]Msition  when  at  rest, 
*md  nsing  an  ordinary  bridge  key  only. 

.MEA.SURIXti     VKHV     SM.\LL    ( ^OEKFICIKNTS    OK 
SKLK-INDFCTION. 

'ITie  first  form  of  the  Secohnimeter  was  used  during  ihe 
aatuinn  of  last  year  for  tlie  measurement  of  rather  small  co- 
efficients of  self-induction  which  would  lie  very  difficult  lo 
measure  by  any  oilier  method,  sncli  as  that  of  a  straight  [liece  uf 
iron  wire  about  4  metres  long,  3  millimetres  in  diameter,  and 
havinga  resistance  of  O'l  ohm.  For  such  esijerinieuts  a  m^tre 
bridge  was  i-in]iloyed,  i>  +  q,  I''ig-  '-i,  being  in  tliiii  ease  the 
resisiaiice  of  lUO  centimetres  of  uuifoi-m  plutinoid  wire,  q  being 
tlie  ivfiistanee  of  vi  centimetres  of  this  wire,  and  c  the  i-esistauce 
of  It  Gennan  silver  wire  having  u  value  of  about  0"1  ohm.  The 
following  an-  a  sumiile  of  Ihe  results  obtained  for  Ihe  coefficient 
flf  self-induction  of  thin  iron  w  ire  referred  to  above : — 
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MUTL'AI,  IXDUCTIOX. 

After  Llie  iiml  rumetit  Lnii  beeu  in  use  for  -"une  mouths  Tor 
jibsoiute  measureiiieut  of  coefficieuts  of  aelf-iaduction,  it  occur 
us  that  just  fts  the  Belf-induction  of  a  c-oil,  5,  could  bf  made 
as  if  the  repistain-f  of  the  cml  wiw  iniTeiised  by  ii  definite  c'onslj 
amount,  .so  tlie  mutual  imlut'tion  of  one  coil,  B,  on  anotlier,  A', 
could  be  m»de  to  act  as  if  tlie  resistance  of  8  vere  iucreasetl  b_v 
another  definite  amount  the  measuiement  of  which  would  ennhlc 
the  coefEcient  of  mutual  induftion  to  be  determined  by  a 
CtimnUdivf  test.  Our  idea  was  to  place  the  coil  S  in  one  of  the 
armt*  of  the  bridge,  and  tirst  determine  its  coefficient  of  self- 
induction  in  (lie  wny  already  ex]ilaineil,  then,  in  addition,  to  ]iliic>' 
the  coil  B  in  the  battery  circuit,  and  determine  the  change  in  iIip 
coefficient  of  self-induction  of  S,  wTiidi  would  be  of  course  dm-  lu 
the  mutual  induction  of  B  on  S.  And  the  following  rather  long 
mathematical  invest igiit ion,  which  Mr.  Siiin|mer  was  good  eiiougli 
to  carry  out,  at  om-  suggestion,  !-liowa  that  this  method  of 
experimenting,  as  we  anticiijated,  leads  to  an  extremely  simple 
formula  for  the  meaj^uremeni  of  the  coefficient  of  mutual 
indnction. 

Fig.  7  differs  only  from  Fig.  2  in  that  «  coil  of  resistance,  i 


and  coeflicient  of  self-induction,  A',  has  been  introduced  into  1 1*' 
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battery  circuit,  in  addition  to  the  coil  of  resiatAoce,  a,  and  coefficient 
of  Belf-indnction,  L,  whicli,  at-  before,  is  in  one  arm  of  the  bridge. 
Let  31  be  the  coeftieient  of  mutual  imiuction  of  ihe  coils  on 
one  another,  then,  if  the  battery  circuit,  be  closed  and  the  galvao- 
iimeter  not  short-circuited,  the  following  eijuationK  hold  true: — 

■  p(x  +  z)  +  !/x  +  \^+r(x-y)  =  0    . 


(6) 


« 


{»+    3)+    53    +    ^(^    +     3|    +    A' 


.r  d  (  3/  +  «) 


dt 


dy  _ 


+  3r;^f=A-m 


:;/-x)  +  8y  +  6(,V  +  2)+C/-  +  Af)-^|+(if+A')^-^^J^^=fi(8) 


Rtiminatiug  y  and  2  frinn  tlieae  ptjUdlious,  we  get 


^  dx        „  fPjr 


-^/)^  =  ^p. 


(9) 


There  A,  B,  C,  and  D  are  Actions  of  the  resistances  and  co- 
efficients of  self  and  mutual  inductiou,  such  thai 

^  A  -\-  li  n  +  C  u'  +  n  v" 

IB  identically  etjual  to  the  determinant 

(j>  +  !/  +  r  +  Xu)         p  —  r 

p  (p  +  q  +  b  +  iVu)  b  +  (M  +  N)  u    —(10; 

-  r       \b  +  {M+N)u}    {b-tv  +  n  +  {L+If-\-'2M)u\ 

and  where  o-  is  the  apparent  increase  of  the  resistance  of  the  coil 
S,  as  determined  by  the  change  npceMsary  tr»  be  made  to  obtain 
balance  when  the  Secohnimel  er  is  rotated  at  a  certain  speed, balance 
having  been  previously  obtained  when  the  Secohinnjctei'  was  nt 
rest;  or,  in  other  words, 

p  (_»  +  a-)  =  'j  V 
^hen  the  Secohrameter  is  being  rotated  at  this  certain  sj.ewl. 
^M   Then,  in  accordance  with  the  |>laii  adopted  in  the  solution  of 
the  original  problem  (nee  imge  303),  we  may  divide  the  effect  on 
the  galvanometer  into  two  portions,  tht-  one  jiroiluced  from  the 
closing  of  the  battery  circuit  to  the  short-circuiting  of  the  galvan- 
ometer, occupying  a  time  T,  the  other  taking  phice  during  the 
short-circuiting  of  the  galvanometer,  occupying  a  time  7" — T,    If 
Q,  be  the  quantity  of  elei-tricity  that  passes  througii  the  galvun- 
cuneler    in    the    first    interval,   Q,    may   lie  obtained    from 
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following  equation  obtained  from  int«gi-ating  (9)  from   t   equal 
noaght  to  (  equal  T: — 

where  the  suffix  T  or  0  after  any  exL)res»;ion  decides  the  value  to 

be  given  to  Hn  the  expreRRion. 

Following  a  similar  train  of  reasoning  to  that  employed  in  the 

original  inveHtigation,  we  find  from  equations  (6),  (7),  and  (8) 

that 

x,  =  o, 

yo  =  o, 

e<,  =  o, 

^   =  ^ ■ ^''> 


■^':!i+<^+^^)4i=^' 


und  by  ilifferentiating  (6)  and  using  (12)  we  have 


Krom  these  we  can  deduce  that 


-A 


f^^  =   {p{M+y)+rMl  E. 


X  M  +  .V 

Af  +  iV    /,  +  .V  +  2  .V 
TliJM,  by  (10),  is  einiivalent  lo 

-  '^  'f-J   =   '.P  {^'  +  -\')  +  '■  '^f\  f-'- 

't  *  (J 

We  have  next  to  consider  the  values  of  the  expressions  when 
I  equals  V,  which  time  we  assume  to  be  long  enough  for  the 
cunenis  (o  become  steady,  therefore 

■^■r=  ^^^ 

so  that,  substituting  the  values  of  the  viuious  expressions  in  (II), 
we  have 

■^9,  +^  ^-V  '^   +   <I'  +  -^^^^  -'/;  '-l^  «  A-/...7'   ...    (13) 
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At  the  time  7*  the  galvanometer  is  short-circuited  and  the  current 
in  the  galvanometer  dies  away,  following  the  law 

so  that  if  Q,  is  the  quantity  that  passes  through  the  galvanometer 
from  t  equals  Tiot  equals  T,  ^  —  T  being  the  time  during  which 
the  galvanometer  is  short-circuited, 

gQi  +  XiXf   -  Xr)  =  0; 

andajr  =  — ^, 

also  Xr  =  0, 
since,  by  hypothesis,  Z*  —  J*  is  long  enough  for  the  current  to 
die  away  in  the  galvanometer, 

■    o   -  ^P*^       ^ 
■^         9 
And  since  for  no  deflection  of  the  galvanometer  needle  we  must 

have  y.  +  ft  =  0, 

it  followB  that  A  Q,=~  Epa-, 

and  equation  (13)  reduces  itself  simply  to 

L+P±^M^^(t  +  ^-  ^) (14) 

P  \        g        AJ 

an  equation  only  differing  from  equation  (4),  the  result  obtained 

in  the  original  investigation,  by  the  addition  of  the  term 

p±Zm, 

V 
depending  on  the  coefficient  of  mutual  induction.     And  Kince,  ax 

will  be  shown  later  on, is  small  compared  with  T,  just  as 

9       ■^ 
it  was  in  the  original  investigation,  we  have  approximately 

L  +  ZAS.  M  =  <^T  secohms. 
p 

which,  as  before,  may  be  written  as 

i  +  ^L+_r  ^  =  ^i  ff  secohms (15) 

where  I  is  the  lead  in  the  Secohnuneter,  and  N  the  number  of 
revolutions  per  minute  which  cause  an  apparent  increase  of 
resbtance  a  ohms  of  the  coil  S. 
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To  niake,  therefore,  the  c&mplete  teat  for  determintTtg  the 
citefflcient  of  aelf-indudian,  L,  of  ilie  coil  S,  and  the  eoefficieTU  of 
■mutual  induction,  M,  hdweenit  and  any  other  coil,  wefirat  exclude 
tiie  other  coil  frmn  the  hcUtery  circuit,  ae  shoion  in  Fig.  2,  aiid 
(ietermitie  £  in  the  manner  alre^ulif  described.  We  next  tTielude 
the  otha'  coil  in  the  baiter  if  circuit,  as  nhown  in  Fig.  7,  and 
ruipeat  the  experiment  with  this  Secohmmetei;  then 

p  +  r  \  J\  J 

or  if  j\'i  and  a^  are  tlie  speeds  and  a{)jiar«Ht  increase  of  resistancet 
in  a  first  experiment,  and  S^  and  a^  in  ii  ^lecond,  we  have 

/.  =  60  i  J 

^=?t.»'a-?.) (•»' 

We  liave  stated  above  that -r  is  generally  small  compaie(i 

I* 
with  7",  and  to  ascertain  the  value   of  —  in  (14),  in  order  to 

investigate  this,  we  may  write 

A        A  A  x\  A 

tlien  it  is  easy  to  show  that 

-^z  =  g  +  resistance  of  network    bfiweeii   the  extremities  of  g, 
supposing  g  removed, 

A 

^    =  s  +  resistance  of  network  betwi-i-n   the  extremities  of  s, 

sup]>osing  »  removed, 

.'I 

,,   ^  fi  +  resistance   of  network    helwceii   the  extremities  of  (', 

supi)osing  b  remo\ed, 

.,  =  J  the  ratio  of  the  value  of  an  K.M.F,  inserted  in  the  branch, 
''.1 

",  to  the  steady  current  wet    u]t  in  the  battery  branch,  b,  by 

this  E.il,F.  in  a. 
Writing  r^  r„  r^  for  tlie  three   resistances   represented  by 

A      A  A 

.,  '    „    and    „-  respectively,  and  r^,  for  the  ratio  of  the  E.M.F.  in 

"  to  the  current  produced  by  it-  in  0,  fijUiiiiim  ( 14)  becomes 
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P  \ 


9 


n 


)    (17) 
If  ^  is  as  largr  or  larger  tlian  the  i-esistances  of  any  one  of  the 
firms  of  the  bridge,  -    —    ,-witl  be  very-  sinall.  ir  generally 

HinBl!  compared  witli  unity,  and  tlierefore     L  can  be  neglected  in 
uom]utrigon  with  Z,  so  can  —  jV  in  comparison  with  " M, 


There  i-emainH  the  teiui    -  y. 


If  A'  be  very  large,  t  hen  will 

i  also  be  very  large,  and  a*  I'j  is  ijiui;h  larger  than  (•,  while  tr 
will  be  much  less  than  6  if  6  be  lai'ge,  it   follows   that   rhe  term 


n 


jV  can  also  generally  be  neglected;   hence  the  approximate 


mir. 


^rmnla  (15)  will  usually  be  accurate  enough  for  practical  iiuri>oses, 
id  the  value  of  any  one  of  the  last  three  fractions  in  the  bracket 
in  (17)  can  be  marie  an  small  as  we  like,  by  adding  resist Auce 
without  st^lf-iudui-^tion  to  s  or  to  h,  a,  precaution  that  it  is  desirable 

f  adopt  if  it  be  feared  thai  any  one  of  these  three  fractions  is 
I  negligible  in  compiuison  with  T. 
OAl'AliTV. 
Mr.  Sumpner  has  suggested  that,  if,  instead  of  placing  a  coil 
with  self-induction  in  one  of  the  arms  of  the  bridge,  the  arm  be 
»hunteil  with  a  condenser,  there  will  be  an  apparent  diminution 
of  the  reciistance  of  that  aiui,  since  such  a  resistance  and 
comienser  in  paiallel  acts  like  a  negative  self-induction  ;  and  by 
following  the  train  of  reasoning  given  in  this  paper  it  is  easy  to 
show  thai  this  uppurent  ilhiii uniion,  dlmded  by  the  prudiuit  of 
the  aquare  of  the  actual  rwlntance  of  the  urm  iiUu  the  reading  of 
the  Secohrnvieter  carrenpOiuUiyj  with  the  apeed  at  which  Oalanee  is 
otjtained,  t/ivea  the  capacity  of  the  conde-nner  absolutely  hi  farads. 
Tlu's  formula  is  far  simpler  than  the  one  given  by  Clerk 
3Iaxwell  for  the  value  of  the  capacity  of  a  condenser  determined 
by  ))lacing  the  condenser  in  one  of  the  arms  of  a  bridge  and 
rapidly  alternating  the  connections  of  the  condenser  with  thf 


no 


SlODI:;^  Of  JlEA&LElNLi  THK  COKFflCIENTS   [Apn!  »li. 


APPKNblX  I. 


llTUICIt  MKTIHtDS  OF  SreASUIilXti  A   COKFFKIENT  nF 
SELl-'-INDrCnON. 

As  mentioned  in  the  early  [Mirt  of  tliis  (mper,  ii  number  of 
methods  were  tried  by  Mr  Snmpner  for  measuring  self-induction, 
and  the  appropriate  forniulfe  worked  out  by  him  in  e«i-h  case. 
The  following  short  account  of  tliem  is  given  as  evidence  of  our 
desire  not  to  publish  the  Set'o) unmet er  method  until  we  had 
eati^fied  ourselves  that  there  was  not  a  better  one.  Indeed,  that 
ia  one  of  the  reasons  why  the  publication  has  been  delayed  w 
long  lifter  the  instrument  has  been  in  practical  use. 

Connect  the  coil  of  resistance,  vohma, 
and  a  coefficient  of  self-induction,  i"^* 
ohms,  with  the  terminals  of  a  condense? 
of  F  farads  capacity  ( Fig.  8 ).     By  means 
of  a  re\er8ing  commutator,  C,  alternate 
the  connections  of  the  coil  and  condenser 
at  the  rate  of  A' times  per  minute  with 
the  terminals  of  the  circuit  consisting  of 
tlie  battery  of  K.M.F.  equal  to   /.'  volts 
and   a   galvanometer,  the   resistance  of 
which,  together  with  that  of  the  battery, 
is  ij  ohms.     The  object  of  using  the  con- 
denser is  to  prevent  the  self-induction  of 
the  coil  producing  s^Mirks  on  levei-sing. 

Let  i),  be  the  galvanometer  deflection  when  the  commutator 
ig  at  real,  and  />,  when  it  is  revolving,  then  it  can  be  shown  that 


/■-  =  f  s'  + 


.9  +  *       A  -  A 


aecolmiK, 


2  ND„ 

if  the  reversals  of  currents  in  the  coil  be  not  too  rapid  for  the 
currents  to  reach  their  steady  value,  and  if  the  reversing  comwi" 
(ator  reverses  itistanianeou^ly  without  short -ciriuit in g.     But  I 
method  seems  impracticable,  as  it  is  impossible  lo  derisea  coi 
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«tt 


QQtator  that  will  reverse  without  eliort-cii'euitiiig  ur  jiroduciDg 
discontinuity  for  s  certain  time  between  every  reversal. 

If  there  be  short-^rcuiting,  then  the  condenser  may  be  dis- 
ensed  with,  and  if  the  time  of  ehort-circuiting  be  small  comiiared 

rith  ~  f  and  if  ff  be  not  ftinall  compared  with  v,  it  cuu  be  shown  that 

r  _  sr  +  » /-D.-A  .     \ 

''-■3irl-/5— +  "■-> 

rhere  vi.  is  a  very  small  constant  depending  on  the  values  of  jf 
nd  r  and  on  the  proiiortion  of  periodic  time  of  commutation 
luring  which  the  ithort  circuit  lasts,  vi  may  be  eliminated 
ly  taking  two  readings,  /),  and  />,,  at  different  speeds,  A*,  and 
V'„  and  if  the  E.M.K.  used  when  the  commutator  be  revolving 
»  n  times  as  great  as  when  the  commutator  is  at  rest,  we  have 

r  _  ?  +  «     ^*  -  ^1  i 

2D,    '  A\  -  A',  n 
'  This  method  of  testing,  although  fairly  simple,  and  iKtssessing 
iie  great  advantage  of  making  the  effects  cnmiUative,  is  not 
learly  as  sensitive  as  the  following  zero  onm%dath'e  method,  which 
3  based  on  the  same  principle. 

Tlie  coil  with  self-induction  condenser  and  commutator  are 
lut  in   one   of  the   arms   of  a  Wheatstone's   bridge,  as   shown 


fla.  9. 


<n  Fig.  9,   then  with    the  »imp  notation   as   before   it  can  be 
hown,  if 

(1st)  the  s^ieed  of  reversal  be  not  too  great  for  the  currents 
to  reach  the  steady  value, 
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(2ii(l)  the  uoinmutator  itversea  inHtautaneously  without  short* 
circuiting, 

where  a-  is  the  ajiimrent  iiioretwe  of  resistance,  r,  tlie  resistance  of 
8  plus  that  of  the  network  between  tin;  extremities  of  s  supposing 
H  removed,  and  T  is  the  time  of  a  reversal. 

It  is  eaxy  to  arrange  that — shall   be  negligible,  and,   unless 

F  or  8  be  large,  F  «*  eiiii  also  be  neglected,  wo  that  we  obtain  the 
verj'  simple  formula 

a  remill  (hiil  is  independent  of  X,  the  coeflii-ient  of  self-induction 
of  the  galvanometer. 

I'o  satisfy  condition  2  in  extremely  difficult,  if  not  impossible, 
and  therefore  it  is  better  to  allow  the  mmmutator  to  introduce 
H  short  cirputt  between  the  reversals,  in  wliieli  ciise  the  condenser 
previously  eiri}iIoyed  to  prevent  sjiarking  at  the  reversals  may  be 
disjiensed  with. 

.As  the  com]iIcte  investigations  prfvimisly  made  on  the  use  of 
tlieSefolinimetcrfortlicmeasui-emeut  of  the  coefficients  of  self  and 
tnutiwl  indui-tion  hnve  xhowii  thai  self-iniluctioii  of  the  galvan- 
ometer does  not  soriously  nffecl  the  prai:Hc';d  result,  we  will,  for 
simplicity,  in  this  investigation  of  the  theory  of  the  zero  short- 
circuiting  commutator  test,  neglect  the  welf-indui-tion  of  the 
;;[alvanomet er  from  the  beginning.  ('onsei|nently  the  currents: 
llirongli  the  gtilvimometer  ( Kig.  H)  is  given  by  the  erjuation 

at  ^ 

Niiw,  if  (^i  be  the  ijuatit  ity  of  eleutricily  tlial  Hows  t  lirough  the 
gidvanomeler  during  the  reversal,  exclmhng  the  jK'riotl  when  the 
conimutiHor  is  short-circuited,  and  Q,  the  ipiantity  that  flows 
1  lirough  during  this  (leriod,  and  if  T  and  t  be  the  times  of  a 
voniplele  revcrsul  and  of  u  short  circuit  renpeciively,  reckoned 
from  till-  lonimeiieetiient  of  the  short-i-ircuitiiig, 
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A  Q,  +  B-  L  (^^-  ^^)  =  Ep  s(T-t); 

ako  ft  =  lP^;tSlr, 

where  A'  is  the  value  of  A  when  b  is  made  eqosl  to  nought.  If 
the  time  of  Bhoi't>-circuitiiig  be  but  a  small  portiou  of  the  whole 
time  of  a  reversal,  Q,  vill  be  but  a  small  correction.  And  an 
examination  of  the  value  of  A,  given  on  page  303,  will  show  that 
onless  8  be  very  large  compared  with  b  +  r  or  with  g  +  g, 
putting  8  equal  to  nought  will  not  much  change  the  value  of  A  ; 
in  other  words,  A'  may  be  taken  as  equal  to  A'.     Hence  we  have 

A  (Q.  +  ft)  +  B^L  ('^.-  y^  =  Ep(aT  +  8  t). 

Now  Q,  -I-  ft  muEt  equal  nought  for  balance,  and  ^  is  a  constant, 

I  say,  for  a  given  adjustment  of  a  given  commutator.     Hence 

B'-t(-V-f^)=  -ffpr(«-  +  f8) (18) 

If  y,  be  the  steady  value  of  the  current  in  e,  then  taking  into 
account  the  partial  dying  away  of  the  current  during  the  time  of 
short  circuit,  t,  the  current  in  8  immediately  after  reversal  will 
be. 

(  r 

-  y.  e  ~^' 
and  if  T  be  small  compared  with  -    ,  this  is  equal  to 

From  equations  (6)  and  (7),  page  325,  we  can  deduce  that 
B'x  +  £p  =  B"y, 
where  B'  or  B"  are  functions  of  the  resistances  ;  therefore 

B'x  +  J!!p=  -  B"  3,.  (l  -  £.  t) 

B-X  +  Ep  =  B"y„ 
T 
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and  we  tiave  seen  tbat 

Epa 

and         'j.  -  —^ 

•■•»'(vr)=('+:T)a-'-4 

Con^etjiieDtlv.  Eub>titating  in  eqoatioD  (18),  we  have 

Xow  --  will  probfiblv  be  negligible,  and 

8T  —  alT, 
therefore  we  have  Z  =        («■  +  2  /  sj  ; 

hence  the  effect  of  the  tibort-circoiting  is  to  diminish  the  valae  of 
■r  by  2  2  6. 

Let  two  obsenations  at  speeds  of  rotation  A',  and  Nt  revolu- 
tions per  minute  be  made,  ginng  apparent  increases  of  resirtance 
<r,  and  tTf.  tlien,  since 

7.-60 

and  T  =  -«". 

2AV 

we  have  L=  U   ?'-~-^. 

.V.  -  i\ 

The  following  is  a  sample  of  tlie  results  obtained  by  using  this 
method  with  the  solenoid  previously  employed,  of  which  the 
resiKtancf  is  about  4  ohms,  and  the  coefficient  of  self-induction 
0-0215  secohms:— 
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SIS 


.v 


D  +  a 


0 

413 

850 

5-20 

1030 

5-50 

1230 

5-80 

1490 

6-20 

n;50 

6-40 

1610 

6-3j 

1100 

.')'57 

980 

,1-4 

890 

r>-A 

I 


710 


r.-o 


Plotting  these  ivBultB  on  ri»iuaieii  \m\».'\:  jiml  ilclenuining  tlie 
ae  of 

g|  —  q"! 


fiYjtn  the  mean  slope  of  the  line,  /,  was  fouinl  In  be  about 
0*0216,  a  result  very  near  the  truth.  .Subseijuenl  es|ierimente, 
Uowever,  did  not  gi\e  nearly  as  ai-curate  result^;,  jiossibly  ou 
liccouDt  of  some  unknown  rfsistance  in  the  conunutator,  and 
that  leads  to  one  reason  why  the  method  is  much  iiifirior  to  the 
iiae  of  the  Secohmuieter,  in  that  the  conimutiitor  is  in  oiie  of  the 
arms  of  the  bridge,  so  that  any  unknown  variulion  of  the  resist- 
ant-e  of  the  fontacts  inlroduL'ca  an  error  iiit"  I  he  teat,  wSiich,  as 
Jready  exijlained,  cannot  happen  with  the  Secohmmeter,  as  neither 
of  the  commutators  is  in  any  one  of  the  four  arras  of  the  bridge. 

This  method,  therefore,  is  distinctly 
inferior  to  the  use  of  the  Secohm- 
meter. 

Fig.    10  shows  another  plan  tried 

by  Mr.  Siunpncr,  which  is  euiiiulative, 

and  although  not  a  zero  method,  the 

1 1 1 1 1  l—fT"!"^*"^       deflection  of  tlie   galvanometer   from 

E       ^  zero  is  entirely  due  to  the  effects  of 

t'lc.  10.  self-induction  the  coeliicient  of  which 


J 


( 
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;*  --:■  ■•>  r^.-yijTawi ;  Ti.*  2;*ri>i,  Tierefcre.  U  fiuHj  senstirF, 
^"-:--:-:;g;.  f^r'erior  of  ci^^jr-*  :o  a  k-;^  :i,e:>.«i.  Br  m«am  of 
■:i.^  -I'Vff.iiL.'vr  C  "^.*  -KfC  ■::'  r^-dsZAz.-.^.  t  t-i:Lj..«oJ  coefficient 
■■-■:  -^.f-i:;  :■;.■.'■..:;.  X.  ij  j,-:  £r--  ii.  rirvc:-:  wirb.  «  butery  rf 
E.>f.F.  *<-j::i.  -...  £'  ro'Iv,  wL:?':.  n^v  '-•?  c&ksc-wn.  asd  a  resistance 
rr.-r  '.\..i'i  o!  vV.-'h  Tvg^irT  »:-l  •.'z^'.  of  :r.e  buteiy  is  r  ohsu, 
ai.-i  E«-iT  iri*„  a  ga:Taa->Dif:cr  o:  re^iriamw  3  ohms;  the  aher- 
LA'f'.'D  b^-in^  i.ri>i::«'i  .Vu3c«  x-er  din-te.  a  »|«ed  vhich  muft 
nv.  'r/*-  too  great  to  j-rev-^nt  ■':.^  oTirreiii  reac'r.JBg  its  st«adv  nine 
*«tL  Tim*-  -'lat  r:.^  ooi!  f-  .>3iii;«-'e»i  wIt:.  tie  banerr.  and 
T'f  die  aiiay  in  iLe  ty*:!  eacL  tide  :bai  ii  i?  LXHUtected  iritfa  the 
ga'.vanomwr.'.  I^t  /»,  b>f  i:.**  ealvanomettT  dedection  Then  the 
'■:«tt*-ry'  aii>l  r— istan-^^  are  e-jimerteii  ■ii^^^-t!y  in  series  with  the 
a»lvanomett-r.  «;•  r\.H' 

ami  let  //,  h-  liie  mean  deflection  obtaine-.l  with  the  conimutator 
working,  tiieit 

0,  =  ?         ^  ^' 


6<.i    «  -f  3    5  +  V 
.:,  eliminating  A*,  we  have 

'to  Jlre^■-nt  -jriirking  ii  wuuld  he  in-ie>-ary  to  (.-onneit  the  ooil 
with  thft  giilvanouieter  for  a  ?hort  time  before  disconnecting  it 
frr.m  t!if  batftT}',  au<\  a  ^uiall  tor  reel  ion  would  have  to  be  apjiUed, 
(l>rij«:nding  on  th*-  time  that  th*r  ooil  wa>  connected  with  both 
gal.anumeier  and  the  b-.itterv.  This  corTection  takes  the  form 
given  by  thi*  formula 

,  _  6(K«  +  7)  {e  +  l'\  t'l  +J  mDt 

"  TV    '  /;+  J       "A. 

when-  /  i-s  the  ratio  of  the  time  of  a  short  circuit  to  the  time  of  an 
alternation,  and  in  is  a  numerical  function  of  the  resistances,  such 

ft 
that  whr;ti  /)  is  niiughl  ni  i-;  eijual  to—  . 

By  taking  two  n-aijings,  />,  and  D,,  at  S|)eeds  -Y,  and  A'j,  we 

elirnin;iti-  r/'  iitid  obtiiin 
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L  = 


_       Jx  +  g)  (g  +  f>)  A  -  ■Oji  . 

n  A  '  ''  +  J/  ^'i  -  AV  ' 

where  n  (a  the  rutin  of  (be  K.M.F.  used  wln-n  tin-  coinnmiuior  is 
rwolviog  t'J  tliHt  iiseil  wlien  it  in  at  rest. 

This  method  is  suitable  for  einpl oyment  in  I'afi-s  wlierp  only 
.erj  small  ilirect  L-iiiTi-utH  can  lie  emjiloyed,  a.-,  for  iiistHiii'e,  in 
testing  the  ooeffififiit  uf  srlf-indai'lion  of  a  liigli-resistniice 
Thomson's  galvtinometer  without  removing  the  needleii.  Hut  fiir 
greater  Bensibility  is  obtnined  by  using  the  method  jireviously 
described  in  wbii-li  llii'  i-oil  wiib  self-inihietioii  is  miiifily  reversed, 
since  with  that  method  Car  stronger  eurreiit.s  can  be  sent  through 
tliif  galvunometer,  as  the  effeet  of  rapidly  •■oininutating  the  ter- 
minals of  tlip  gnlvanomiiter,  the  coefficient  of  self.inductiim  of 
wliich  i.s  to  be  ineiifiiirrd,  is  tu  f^end  ulteniatlug  L-iirifiils  ihroug.i 
it.  These  idleriinting  furrentw  >lo  |iri)ilut;e  n  detleel  ion  frimi  some 
-auKe  whieh  i-  not  yet  clearly  ejqtlaiued,  but  the  detik'ction  ig  but 
tmiill,  so  that  the  slrengtli  "f  thecurrpul  tlial  ia  pni|jlnyed  is  oi Jy 
limited  by  the  gauge  of  the  wirfwuuml  on  the  galvitnurut-ter  that 
is  being  testwl. 


APPEXDIX   It. 


NO.N-ZKHii  LSI-:  OK  THE  SKCOll.MMi-TKii, 
1, — In  what  has  iiteeeded  we  have  suj>|iosed  that  I  he  secolmi- 
"leter  was  turned  at  such  a  sjteed,  and  the  re.iintanee  of  the  arms 
"f  the  bridge  so  adjusted  that  tlie  galvanometer  needle  was 
f*'t>ught  to  the  zero  that  it  would  "tand  at  if  no  i-uiTent  wliatever 
"ere  passing  through  the  galvannmpter.  Hut  that  is  not  neeOB- 
8ary,  for  equation  ( 13),  page  3^fi,  may  he  written  in  ibe  form 

g,  =  A  — — -^ , 

where  p,  r/,  ant!  i*  are  any  reaistancea  in  the  anns  of  the  bridge 
(Fig.  7),  page  324.  and  *  the  re.-'islance  of  the  coil  under  test. 
Ai.^ ^ 
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therefore  generally  t)ie  eurrent  tliat  vill  pasn  through  the  gHlvaii- 
ometer  when  ih^  'f^cohniniPtor  i<  turning  at  n  revolutions  per 
Hecond  U 

MQ.  +  ,A.  =  ';,''|(v.-  -7-{?+J-f;)-y<£+'~):if}(i9) 

producing  u  ileflection  '/,  say. 

If  tlie  veotihmmcier  l>e  sto|i|ied  iin<)  stcHtiy  lurrfiitii  employed, 
let  lahino-  1m-  olit.-iiiifd  liy  iti>-n-Hsing  x  to  ^i  +  o-,.  the  values  of 
py  (/,  an<l  (■  reniaiuinir  as  befiire,  antl  let  a  ileHec-tiou  </'  be  pro- 
duced wlii'ii  (T,  i>  changHtl  tu  tr^  so  tlmi  i/'  is  thf  deflection 
produced  by  it  curo'iil 

k'  )•  iai  —  C-,  1 
J 

Hence,  siin-e  >/  ,■  —  p  g  =  p  a,. 

we  obtain  f™iii  ;'  19) 

•  I  Of     —    ff, 

l,ef  '/  =  I  'l; 

where  /  i-  Hie  lead  i-f  llie  :iei-olinitneler:  tlicn  we  have  from    (20j 

/,  +  (- .1/ —      ff„  approximately    (21) 

Now  (7i  may  be  n-ganh-d  us  the  ap[iareiit  im-rease  of  resist- 
ance iif  ihe  coil  ]ir<Kliieed  by  the  self-indnct ion  on  turning  the 
-ei-i)hmme|pr  at  the  nil e  of  >i  revolutions  ]»•)■  second  when  the 
7e  1-0  used  in  nieiisuiing  the  resistance  with  >leady  cuiTeiits  is  at 
a  distance  li  from  tin-  Irue  zero,  ;ind  the  zero  used  in  obtaining 
bidfinee  with  the  sen )hmnn'ter  revolving  is  at  a  distance  Id'  from 
the  true  wro.     'I'liis  lead^  ns  to  the  fiilhuving  xhiifAilieil  method 

of  liieasurini,'  /-,  'he  I'oerticient  of  self-induction,  or  /-  +  '  .If, 

if  there  be  also  nnitnal  induct  ion,  without  its  being  necessary  to 
fircni'i'li-t,'!  mea^nre  ihe  true  resistance  of  the  t-oit  at  ail:  — 

1.  Let  ;i  m";/!'  ap])roximation  bo  jna<le  to  the  renistaiice  of 
the  coil  ii-itii;  -ready  cinTeiii-,  mid   let    (lie  resistance  of  the  coll 
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Ajipesr  to  be  s  ohms  when  the  spot  of  Ught  is  somewhere  near 

zero,  Bfty  at  130  divisions  from  Ihe  zero. 

2.  T^et  the  secohinmeter  rotate  at  n  revolutions  per  second, 
Stud  let  the  coil  now  have  an  apparent  resii^tance  of  s  +  tr  ohms 
-when  the  8|»ot  of  light  is  brought,  not  to  zero,  but  to  I  x  130 
cLlviaionson  the  scale:  then 


L  = 


n 


or 


II  n 

if  liiere  be  also  mntaal  indui'tiou. 

11.— At  the  commencement  of  this  jiaper  il  was  mentioned 
tliat  we  originally  measured  the  coefficient  of  a  elf-induct  ion  not 
byiJtering  the  resistance  in  one  or  more  of  the  arms  in  order  to 
obtain  balance,  but  by  leaving  the  resistaneea  in  the  arms  un- 
altered, and  ohsening  the  galvaoometer  deflection  when  the 
secohmmeter  was  rotated.  Equation  (19)  at  once  gives  the 
formula  that  we  employed  with  that  methodof  using  the  secohm- 
meter ;  for,  if  j>,  7,  and  )■  be  the  resistances  of  the  arras  that  will 
[iroduce  balance  with  s  for  steady  currents,  equation  (19)  becomes 


1^iQ.^  Q.)  = -'-/{!' 


P        ) 


I«l  this  cun-ent,  «  (y,  +  Q,),  produce  a  deflection  d, ;  nesi  let  s 
'« increased  by  a  known  resistance,  »';  and  let  the  gahanometer 
'leflL-ction  for  steady  "currents  in  the  arms  be  (i,:  then  this  deflec- 
lion  i»  produced  by  a  current 

A 


Or 


Or 


■</. 
L 


M 


)  = 


£  -  ^  •  1' 


8- 


>r  there  be  no  mutual  induction,  the  formula  originally  employed 
for  measuring  L. 

Thi-i  companttive  deflection  method  of  using  the  secohmmetei 
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;iA4  r»i^ve«i  »  hf^h  'ey.ig^f&a."  fo:  ;rt=-^'  seo^bilhv  from  MM.  P. 
I.^;'7'',t:*r  ai;  i  •>.  Man*i-.T;?7,  »!■■.  ■:;i:aware  -jf  the  &ct  that  it  «a? 

■l*vL*eii  aa-i  t..^*'!  bj  Os  mri-er  "  .>,-e  rlac  a  vear  aifij.  have  recmtlj 
bron^'::!:  ir  to  toti-:^  ::;  Fras-^?.  Te  *vg?  amocnt  of  excellent 
wwk  tha:  M.  t^«^borr  ta*  .^r-ii-r ..::  T*If  and  munul  indnctioD 
tnake^  I.L'ft  TrL  cotrij'r--n-  ■:•>  J".:c>*  of  th*  relative  sensilaUtT  ct 
rrieihwl*  of  tii^a.-aritig  riie  ■?;*-ff?:en--,  ■  J;eref>re  we  feel  snre  that 
fie  arni  :.:.-  ojil-iagne  ■xill  ire  :I.e  -".-=-  ro  r^ugnise  the  greac 
;nCTea-*r  of  r*ni;ibili'' v  of  o^ir  :".••>  ■:■■  w^-lMi^  Eaeth>>i  bevond  ev«i 
th-  lar^ft  itii*ir-:iity  jjij-*^— ^i  by  ox-  «»ii^?i-'tf?'r»  -Mtetm 
c*i,it'd".''-v*.  in«L'>i  for  ra-^stiLiE^-  *:.r  •.-oeffioient^  of  self  and 
iriatual  iridticcioa. 

OK  i»F    SECOHMMKTER  WITH'HT  ^PEEIVISWCATOK. 

III. — It  is  inip:irtant  to  noti'.f  "'iat  -ill  known  zero  gslnno- 
mttrii.*  mrth'xlit  of  comijaring  the  coefficients  of  self  or  matnal 
indu'.-tion  with  one  another,  or  with  :he  capacity  of  a  condetiser, 
can  be  incn-aseiJ  enormoitalj  in  -eiisibility  by  the  tise  of  the 
se'ohramf:tfr,  and,  Auc  in  iiu-L  oa-es  tlie  speed  of  rotation  need 
n'lt  be  known,  a  very  r^imple  fonn  of  -ecohmmeter  without  si»e«l- 
in'Ii'.aior  tan  he  ernploypil. 

Tin;  '■i'imi)ari>='>n  of  liie  i.oelKi-ii-i,:.-;  i.f  -elf  i>r  mutual  inductioii 
wit !i  one  anollier,  or  with  rh'.-  e.-n^aciiv  of  a  condenser,  is  usuallv 
fcff'-cU-d  liv  te-tii  that  jiif-  eomiilereil  during  the  growth  or  the 
dying  Hway  of  a  iiirr>-iit,  sinc^  it  i-  only  during  the  variation  of 
;i  <-iirrfni  tliar  self  or  inutiial  iiiduction,  or  the  electrostatic 
r'.ijiaf-ity  of  a  condenser,  evidence  tln-niselves.  The  effect  of  an 
inTor  ill  the  lialance  only  lasts  for  a  very  short  time,  and  therefore 
Is  vi-ry  small  if  tin-  error  be  sinatl;  that  U,  the  tests  are  not 
M-Ti-iiive.  Ii(-Bislanci-s  are  comiiareil  with  steady  cuirents  lasting 
for  a  con>iil(-r«h!i-  time,  but  hefoii'  attemjiting  to  accurately 
Tneai^un'  an  unknown  resistance  it  is  a  common  practice  to  give 
tlic  liiidgc  key  a  tap  to  see  whether  the  balance  is  so  far  out  tlial 
a  di-tli'rlion  of  l!ii'  galvanometer  is  produced  for  a  current  lasting 
f.ir  !L  very  short  time.  J>uch  a  preliTninnry  test  is  intentioQall.f 
very  unsc-nsitivc,  but  its  sensibility  is  equal  to  that  of  the  ordinal)' 
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tests  made  for  compariug  the  coefficients   of  self  and   mutual 
ind  action. 

Bat  by  the  uhc  of  tlie  secohmmeter  it  is  now  possible  not 
merely  to  measure  the  coefficients  of  self  mid  mutual  induction 
and  the  capacities  of  condensers  ahaoliUetij,  but,  in  addition,  to 
6Kure  the  aamc  kir/li  degree  of  ftneibilitij  u-lth  testa  thnt  have 
kitJierlo  k'ni  to  be  completed  during  the  groudli  or  dying  aivay  of 
a  atn-ent  that  it  is  ciisloTnari)  to  obtain  in  the  iim  of  the  Wlieat- 
stone  bridge  for  rneasuring  resistances  -"fith  steady  cwrrenta. 

The  PRESiDErrr :  I  think  it  very  likely  that  most  of  us  would  JJ*,,^^, 
prefer  to  have  an  opportunity  of  studying  Ihi-  paper  a  little  more 
before  commenting  upon  it.   It  is  rather  a  long  paper,  and  reijutres 
attentive  consideration;  but  if  any  member  is  prepared  to  make 

I  remarks  I  shall  be  very  glad  (u  hear  fhem. 
Perhaps  Dr.  Fleming  has  something  to  eay  ? 


I)r.  J.  A.  Fleming  :  I  feel  sure  I  shall  only  be    exprest^ing  D' 
t  we  must  all  have  felt,  in  saying  that  this  paper  of  Pro- 


f^sors  Ayrton  and  Perry  is  one  of  very  great  interest.  It  has 
been  for  some  lime  a  matter  of  necessity  to  have  an  accurate 
and  simple  methoil  of  determining  coefficients  uf  self-induction. 
This  is  the  more  essential  now  that  secondary  generators  ai-e 
being  largely  used.  Iteferring  for  a  moment  to  previous  methods 
of  detennining  the  coefficient  of  self-induction,  it  has  been  gene- 
rally fouml  that  those  methods  which  depend  on  the  use  of  a 
condenser  are  not  very  convenient.  The  residuiil  charge  and 
absorption  of  condensers,  especially  paraffin  paper  condensers, 
iotrodnce  practical  difficulties.  Not  along  ago  the  notion 
occurred  to  (ue  to  viiry  the  bridge  method  of  measuring  the 
induction  coefficient  in  the  following  irianner: — The  coil  to  be 
measured  is  made  one  arm  of  a  bridge,  which  is  then  balanced 
for  steady  currents.  Into  the  battery  circuit  is  introduced  an 
iiitemiptor,  which  may  be  a  tuning-fork,  breaking  the  circuit 
»itb  known  frequency.  The  ordinary  gah-anometer  is  then 
replaced  by  one  of  low  resistance,  and  having  a  needle  of  soft 
iron  instead  of  a  magnet.     Such  a  galvanometer  takes  a  steady 
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accordingly  the  soft -iron-needle  galvanometer  indicates  a  steady 
deflection  when  the  battery  circuit  is  interrupted  rapidly.  The 
value  of  this  indication  can  be  obtained  from  an  indejieudenl 
i-atibration.  I  have  not  put  the  method  yet  to  very  careful 
test,  but  hope  to  be  able  to  do  so  soon. 

1  should  like  to  drav  the  attention  of  those  who  are  interested 
in  this  subject  to  the  very  elegant  method  of  determining  thp 
matual  induction  of  two  coils  which  is  due  to  Professor  Carey 
Foster.  For  the  deter oiiuat ion  of  self-induction  the  method 
brought  before  ujs  to-night  is  certainly  very  convenient  and 
highly  ingenious. 

Professor  W.  E.  AmTOX :  Before  the  discussion  is  conlinued  I 
should  like  Mr.  Sumpner  to  give  an  account  of  the  work  he  has 
dune  in  this  matter.  Ue  has  made  numerons  experiments  on  lb? 
coefficient  of  mutual  induction  of  a  Ferranti  machine  for  all  car- 
rents  passing  through  it,  and  for  all  degrees  of  magnet  illation. 
He  will  probably  give  an  account  of  the  results  he  has  obtained. 
Of  course  it  is  indirectly  connected  with  the  mode  of  measuriug 
self-induction  described  to-night,  but  I  mention  it  because  I'l. 
Heming  has  referred  to  the  fact  that  the  coefficient  of  self-induc- 
tion of  a  magnet  is  not  constant,  and  Hr.  Sumpner  can  give  tiie 
results  of  a  Kerranti  machine  for  all  degrees  of  saturation. 

In  case  it  should  appear  that  I  was  slighting  Professor  Carey 
Foster  in  not  mentioning  his  method,  might  I  take  this  oppor- 
tunity of  sajing  that  I  have  already  at  the  Physical  Society 
expressed  my  greatest  admiration  of  Ms  method  of  tneasnriDg 
mutual  induction,  and  I  also  mentioned  that  on  the  Monday 
following  the  Saturday  when  Professor  Foster  hiid  published  lii* 
method  at  the  Physical  Society,  Mr.  Sumpner  was  at  work  at  it. 
and  made  a  great  number  of  esperiments  on  mutual  indni-lioD. 
I  did  not  mention  the  method  this  evening  becaase  it  was  not  a 
method  giving  n  ctnmdatlve  test,  I  do  not  mean  to  say  it  is  no* 
a  good  method ;  it  is  an  admirable  method ;  but  the  object  of  the 
jjaper  was  to  bring  before  the  meeting  cuimi.lative  tests— that  « 
to  say,  where  the  effect  of  a  large  number  of  impulses  is  obt^ei^ 
i  will  not  criticise  Professor  Fleming's  method,  which  is  a  ciuni 
lative  method,  now.    I  will  do  so  later,  but,  as  I  mentioned,  tU^- 
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real  object  of  my  rising  was  to  ask  that  you  would  allow  Mr.  pK>f«M 
Sumpner  to  make  his   communication  before  the  diBcussiou  is 
closed. 

The  PRESIDEKT :  We  will  take  Mr.  Sumpner's  communication  ^^^^ 
at  our  next  meeting,  and  will  then  resume  the  discussion  on  the 
paper  read  this  evening ;  we  shall  also  have  a  paper  by  Professors 
Ayrton  and  Perry  npon  running  a  dynamo  with  a  very  short  belt. 

As  Professors  Ayrton  and  Perry  are  both  with  us  this  evening, 
}  take  the  opportunity  of  asking  you  to  accord  them  a  hearty 
vote  of  thanks  for  their  excellent  and  valuable  paper,  which  must 
have  required  much  trouble  to  work  out. 

The  motion  was  carried  unanimously. 

A  ballot  took  place,  at  which  the  following  candidates  were 
elected : — 

Memh^s: 
Sir  Thomas  Bazley,  Bart.,  SLA.   |  William  Robinson. 

William  Sharpey  Seaton. 

Aaaociatea : 
Patrick  Anderson  Black.  I  Matthew  Babington  Gisbome. 

James  E.  France.  I  William  Phillips  Mendham. 

Student: 
J.  Nealor  Cooper. 
The  meeting  then  adjourned  until  May  12th. 
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The.  One  Hundred  and  Sixty-seventh  Ordinary  (f  enetal  Meeting 
of  the  Society  was  held  at  the  Institution  of  Ci%-il  Engineers, 
25,  Great  (reorge  Street,  Westminster,  on  Thursday  evening, 
May  12th,  1887— Sir  CHARLta  T.  BlilGHT,  M,  Inst.  C.E, 
President,  in  the  Chair. 

The  minntes  of  the  previous  meetiDg  were  read  and  approved. 

The  names  of  new  candidates  were  announced  and  ordered  to 
be  suspended. 

It  was  announced  that  the  Council  liad  ajiproved  of  the 
transfer  from  the  cla-is  of  Associates  to  that  of  Members  of 
William  H.  Stone,  of  Tokio,  Jajmn. 

Donations  to  the  Libniry  were  announced  as  having  been 
received  since  flu-  last  meeting  from  Sir  Frederick  Abel,  \'ice- 
President ;  Professor  J.  A.  Fleming;  Professor  S.  P.  Thompson; 
and  the  Commander  F.  Salvatori,  liocal  Honorary  Secretary  for 
Italy ;  to  all  of  whom  the  tlianks  of  the  meeting  wert^  unanimoUEly 
accorded. 

The  Pkesidem  :  ( >ur  next  business  is  to  resume  the  discussion 
on  Professors  Ayrton  iind  Perry's  i^j.-or  on  "  Modes  of  Pleasuring 
"the  Coefficients  of  Mutmd  and  .S<>lf  Induction,"  but  I  will  lirst 
call  on  Mr.  Suniimer  for  Ins  communication,  iis  arranged  at  the 
last  meeting. 

THK    MEASri!E:MKXT     OF    .SELF-INDl'CTKtN,    MlTl'AI, 
IXDICTIOX,   AXD   CAPACITY. 

By  W,  v..  SrMi'XER,  B.Sc.,  Associate. 

It  \rd^  h>ng  been  known  in  a  general  way  that  the  vfFects  of 
sflf-inductton  and  eiijiiicity  are  (i]Hiosite  in  kind.  Self-inductiou 
in  a  relay  produces  sjiarking,  but  if  a  condenser  be  shunteil  lo 
the  relay  siwvking  is  prevented.  Condensers  are  used  in 
induction  coils  to  juvvent  sjijirkiiig  anil  to  hasten  ihange  of 
magnetisation.  .Mr.  Pree<'e  told  us  while  discussing  Prufes.-o'' 
Hughesa  pajiei-   thai    a  resistanei-   shunted   by  a   condenser  is 
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ptaoeil  in  a  1-elegrapli  circuit  t'l  overcome  the  eEFects  of  aelf- 
iiiiiuctiQn.  Professor  rfih  anus  Tboiuiison  tolil  us  (Jounial,  May  Ki, 
1886)  that  Mr.  Black  in  1878  "  showed  that  one  difficulty  in  long- 
"distance  telephoning  could  be  effectunlly  got  over  by  putting 
"'  a  condenser  in  the  circuit  as  a  liridge  (o  any  eleutro-magnel  in 
"the  tine."  The  reason  of  this  is  possibly  that  the  condenser 
diminishes  the  effective  self-induction  of  the  line.  Mr.  Blakesley 
remarked  on  the  same  occasion  that  the  working  of  a  ti'Iejihone 
circuit  completed  through  a  condenser  could  be  improved  by 
adding  self-induction  to  the  circuit  up  to  a  certain  amount. 
After  that  maximum  had  been  reached,  an  increase  of  the  self- 
induction  of  the  circuit  or  a  diminution  of  its  capacity  was 
a  disadvantage.  Now  poasibty  iht*  reason  of  this  is  to  be  found 
in  the  fact  that  capacity  i.-  like  a  negative  self-induction. 
Capacity  in  a  circuit  heJjiP  clnuigt-  of  current.  Self-induction  in 
a  circuit  hinders  change  of  current.  Just  a,s  self-ioiluction  in  a 
telephone  circuit  retards  some  of  the  waves  of  current  mure  tliau 
others,  and  thereby  renders  impure  the  sounds  given  out,  so 
capacity  in  a  teleiihone  cu^cuit  accelerates  some  of  the  waves 
more  than  others,  and  produces  a  similar  result.  The  ideal 
telephone  circuit  should  liave  no  effective  self-induction.  What 
the  resistance  of  it  is  does  not  matter  so  much.  Vhen  Mr. 
Blakesley  added  self-induction  to  his  telephone  circuit,  the 
improvement  he  noticed  in  the  working  was  probably  not  because 
the  mere  addition  of  self-inductii>n  was  an  imjirovement,  but 
because  the  effect  of  the  aiimcity  was  diminished  more  and  more 
a-i  self-induction  was  added,  until  ji  [Mint  was  reached  when  the 
effect  of  the  latter  count  erbalimced  that  of  the  former.  It  was 
then  that  the  line  worked  at  its  best.  It  was  then  that  the 
waves  of  current  travelled  along  the  line  without  changing  much 
iu  fonn. 

In  working  with  the  secohmmeter  it  is  [lossible  to  make  the 
rc-iUtance  of  the  coil  having  relf- induction  appear  either  to 
increase  or  to  decrease,  uccurding  to  the  way  iu  whicli  the 
commutator  is  turned.  It  i^  e^en  possible  by  turning  the 
secohmmeter  at  a  particular  qieed  to  reduce  the  apgrnrent 
resistance  of  the  coil  to  zero.     Tlie  reason  is  that  aelf-induction 
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when  currents  are  ini-reasing  acts  like  an  increase  of  resistance, 
aaO  when  currents  are  diminishing  like  a  (Uminution  of 
resistance.  Exactly  tne  reverse  holds  good  of  capucity.  In  the 
armature  of  a  dynamo  self-induction  acts  like  an  increase  of 
resistance  because  the  current,  has  to  be  started  in  each  coil  as  it 
passes  ihc  commutator.  If  it  were  practicuble  to  shunt  each  coil 
of  the  armature  by  a  condenser,  the  effect  of  cajMicity  would  be 
that  of  a  diminution  of  resistance  each  time  the  coil  t^a^sed  the 
commutator.  Just  as  the  resistance  of  an  armature  is  effectively 
increased  by  its  self-induction,  and  increai-ed  by  nn  amonnt 
projiortional  to  its  speed,  so  the  result  of  cajjacity  would  be  to 
diminish  the  effective  resistance  by  an  amount  proportional  to 
the  speed.  If,  therefore,  it  were  practicable  to  use  condensers  of 
suitable  capacity,  it  would  be  possible  not  only  to  get  rid  of  the 
effect  of  self-induction,  but  actually  for  a  particular  speed  to 
diminish  the  effective  resistance  of  the  armature  to  zei-o. 

It  is  imjiortant  to  consider  whether  the  opiMsite  natures 
self-induction    and    capac'ity     can    be    utilised     practically    m 
diminishing  the  self-induction  of  transformer  circuits. 

In  the  apiiendix-of  the  paper  of  Professors  Ajnlon  and  Pi 
will  be  found  two  or  three  methods  which  I  devised  for  measurini 
self-induction.  In  each  of  those  methods  a  condenser,  shunted  to 
the  coil,  was  used  to  prevent  sparkingat  the  intenals  between 
reversals ;  and  although  the  condenser  was  afterwards  disjiensi 
with  because  a  short  circuit  was  allowed  to  occur,  yet  the  formi 
was  iirst  worked  out  in  each  case  on  the  supposition  t.hal  the 
denser  was  used.  The  result  came  out  in  evety  instance  just  as  if 
the  condenser  had  been  absent,  and  as  if  the  self-induction  of  thr 
coil  had  been  Lliminished  by  the  jiroduct  of  the  cajjacjty  of  the 
condenser  and  the  square  of  the  resistance  of  the  coil  shnnled  t" 
the  condenser,  Now  this  not  only  showed  that  each  of  tlw 
methotls  for  measuring  self-induch'qn  was  also  a  method  f"' 
measuring  capacity,  hut  it  seemed  to  indicate  that  there  was  st>^^ 
law  regulating  the  external  action  of  a  condenser  shunted 
wire. 

The  law  was  easily  found  to  be  as  follows : — 

In  any  nel  work  of  conductors,  if  one  of  the  branches  be 
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ied  uf  a  condentner  wlioee  terminals  are  shunted  by  a  wire,  with 

or  without  self-iuduction,  and  if  the  currents  in  the  network  vary 

^B&om  any  cause  from  one  steady  set  of  values  to  auotlier,  the  extra 

^uuantlty  of  eleclricily  which  will  pass  through  a  galvanometer 

H|>lai!ed  in  any  arm  of  the  network,  in  conse'iuence  of  the  ca|>acity, 

will  be  exactly  as  if  the  condenser  were  altogether  removed  and 

the  self-induction  of  the  wire  were  diminished  by  the  product  of 

the  capacity  of  the  condenser  and  the  square  of  the  resistance  of 

the  wire  shunting  it. 

B      I^et  E  be  the  electro-motive  force,  constant  or  variable,  applied 

~to  the  terminals  of  a  condenser  through  a  resistance  R  ;  let  K  be 

the  capacity  of  the  condenser,  r  the  resistance,  and  L  the  co- 

^kfficient  of  setf-induction  of  the  wire  shunting  the  condenser ;  let 

X  be  the  current  through  the  wire  r,  and  y  the  current  through 

pthe  condenser,  and  let  V  be  the  [lotential  difference  of  the  con- 

lenser  terminals  at  any  moment :  then 

E~\  =  R{x  +  If), 


V 


=  K 


dV 
dt' 


E  =  {E  +  r}{x  +  y)+  (L  -  K  r-)^  -  K  L  j- J|- 


The  estra  current  due  to  K  and  L  will  be  that  caused  by  the 
eitra  electro-motive  force 

^Bnd  the  total  quantity  of  electricity  passing  through  a  galvan- 
^Bimeter  placed  in  any  other  branch  of  the  network  will  be  pro- 
^fportional  to  the  integral  of  this  estra  electro-motive  force  if  the 
resistances  of  the  branches  are  not  altered.  If  the  currents  in 
Htbe  network  vary  from  one  steady  state  to  another,  the  integral  is 

where  iz,  and  t^  are  the  two  steady  currents  through  the  wire. 
HVow,  as  these  are  not  affected  by  K,  the  effect  on  the  golvan- 
^T)meler  is  exactly  as  if  the  condenser  were  removed  and  the  aelf- 

tof  the  wire  were  (hminished  to 
L-Kr'. 
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Tbf  effect  of  the  cai«city  is  tli&t  of  a  negative  self-inductioii. 
It  may  be  said  to  l>e  due  to  tlii:-  cause  that  it  is  jtos^ible  U> 
L-umjiare  Gelf-iudiictinn  with  capacity  in  the  way  described  by 
Cleric  Maxwell.  >'o  two  quantities  c-an  be  directly  compared 
when  their  diiitensious  are  different.  In  no  troe  comparative 
method  i«  it  necesisirj-  to  know  any  (juantity  absolutely.  The 
faut  that  Alaxwell's  method  requires  the  knowledge  of  resist- 
ance absolutely  shows  that  the  quantities  directly  compared 
are  not   L  nnd  K,  but  L  and  K  r. 

It  seemn  \ery  strange  that  Clerk  Jtiswell,  who  devised  ft 
method  for  meaf^uring  ^t- If-induction  absolutely,  and  who  also  gave 
methods  for  comjnring  self-induction,  mutual  induction,  and 
eaiiacity,  failed  to  ulisene  thai  his  absolute  method  was  ei|ually 
ui))ilicable  to  the  measurement  of  all  these  quantities.  If  a 
galvanometer  Iw  jilaced  in  one  of  the  branches  of  any  network  of 
eoiiductorii,  such  as  tlie  Wheatstone's  bridge,  the  effect  on  the 
galvanometer  due  to  different  electro-motive  forces  acting  in 
different  branches  of  the  network  is  well  known  to  be  the  sum  of 
the  effects  produced  by  each  electro-motive  force  acting  sei>arately. 
Now  the  effect  of  self-induction  in  a  wire  through  which  a  varj:^ 
ing  current  is  ]iiissing  is  tu  generate  an  elect  ro-inotive  force  in  the 
wire  pro^iort ioiial  to  the  rate  at  which  thecnrreiil  varies.  .Mutuiil 
induction  and  ciqiacity  jiroduce  similar  effects.  So  that,  while 
currents  are  l>eing  established  in  a  Wheat  stone's  bridge  in  and 
between  tlie  branches  iif  which  t-xir-t  iuduttiun  anti  cajiacity,  the 
extra  current  through  the  galvanometer  will  be  that  caused  by 
the  extra  electro-motive  forces  in  the  nel work,  and  will  be  the 
sum  of  the  extni  i-iirrents  produced  by  each  of  these  electro- 
motive forces  taken  separately.  The  total  quantity  of  electricity 
going  through  the  galvanometer  in  consequence  of  the  induction 
and  capjicity  will  lie  a  siiiiple  linear  function  of  the  coefficients 
iif  those  quantities. 

Indeed,  iMaxwell  has  shown  that  if  self-induction  exists  in  one 

iif  the  arms  of  a  Wlieatstone's  bridge  whicli  is  balanced  for  steady 

wire,',;,  the  Hiug  of  Ihe  galvanometer  when  the  galvanometer 

'J'lii'  closed  before  the  battery  circuit, is  directly  proportioiui! 

J;:  .iir-indiution.     He  bus,  moreover,  shown  that  it  is  [wssible 
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^■fcu  balance  tLe  bridge  for  both  Bteaily  and  variable  currentit,  \>ro- 
Hvided  a  certain  relation  holda  between  the  resistances  of  the  armn 
Hand   tlie   coefficients   of  induction  or    cai)acity  that    are  being 
"  compared.     If,  for  exinnple,  m  in  Fig.  o,  we  are  comparing  self- 
induction  with  caimcitj',  !-up]x)se  L  ia   the  self-induction  of  the 
branch  r,  and  K  is  the  capacity  shunted  to  the  branch  q,  then  if 
p8  =  qr  and  K  ry  v  =  L,  Clerk  Maxwell  has  shown  that  the  bridge 

will  be  balanced  for  both  steady  and  variable  currents.     Now  this 

■riiovs  that  the  effect  of  K  is  equal  and  opposite  to  that  of  L;  and 
since  the  swing  of  the  galvanometer  when  K  is  removed  is  pro- 
I>ortional  to  L,  it  follows  that  the  swing  of  the  galvanometer  when 
L  is  removed  is  proportional  to  K.     The  same  remark  applies  to 

I  mutual  induction.  It  at  once  follows  that  Clerk  Jliluxweirs 
method  of  determining  aelf-induction  in  absolute  measure  is  also 
B  method  of  determining  mutual  induction  and  capacity  in  absolute 
measure.  We  have  merely  to  proceed  in  exactly  the  same  way 
^■is  wtien  determining  self-induction,  and  to  divide  the  result  we 
obtain  by  a  simple  ratio  or  a  simple  product  of  tlie  resistances  in 
^_the  arms  of  the  bridge. 

^P      Perhaps  Clerk  .Maxwell  missed  seeing  this  because  he  foresaw 
the  existence  of  null  methods  and  did  not  consider  the  meaning 
of  the  galvanometer  swing  when  the  bridge,  although  balanced 
for  steady  cmrents,  was  not  lialanced  For  variable  current  s.     How- 
ever this  may  have  been,  the  null  methods  of  Clerk  Maswell  form 
an  example  of  how  very  tedious  and  difficult  to  work  nuJl  methods 
may  sometimes  beconte.     It  is  not  only  necessary  to  liave  a  \ery 
delicate  galvanometer  and  an  extremely  delicate  adjustment  of 
Ipthe  bridge,  but  only  one  particular  adjustment  of  the  bridge  will 
give  any   result   at    all,  and  for  this  reason  these  double  null 
m  methods  are  quite  unsuited  to  those  to  whom  time  is  any  object. 
H      Once,  however,  rhe  fact  is  grasped   that  the  swing  of   the 
galvanometer  in  a  bridge  balanced  for  steady  currents  is  a  linear 
mction  of  the  indin'tions  and  capacities  in  the  bridge,  it  i*^  easy 
see  a  much  more  rapid  way  of  comparing  the  coefficients  than 
the  methods  of  Clerk  Maxwell. 
Let  \i,  he  the  self-induction  of  the  branch  a: ;   let  K  ,  bo  the 
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capacity  of  the  condenser  shunted  to  thebnmoha;;  let  M^be 
the  mutual  induction  of  the  branches  x  and  y. 

If  we  are  comparing  L  vith  M,  as  in  Fig.  6,  we  have 

where  p  and  r  are  the  resistances  of  the  branches  as  indicated  in 
the  figure,  U,  is  the  first  swing  of  the  galvanometer  when  the 
bridge  being  balanced  for  steady  currents  has  an  electro-motive  force 
suddenly  put  in  the  battery  circuit,  and  where  k  is  some  constant. 
Xow  reverse  the  connections  of  either  of  the  coils  possessing 
mutual  induction.  The  bridge  is  not  altered  excejit  that  the 
sign  of  JI«6  is  changed.     If  we  now  take  another  swing,  we  get 

whence 

T     •  \l     -  ^  +  ^'  l>i  +  ^'* 
i-.  .  Mrt —  u_  _  d; 

If  we  are  c-omparing  two  self-inductions,  as  in  Fig.  1,  we  get  in 
the  same  way,  after  balancing  the  bridge, 

j3  L,  —  r  Lg  =  k  D,. 
Ifow  remove  the  branch  q  and  substitute  resistances  till  the  bridge 
is  again  balanced.     We  then  have 

ph.  =  iD,; 
whence 

_L,  _r  l)s_ 

L,  "p   D,  -  ])': 
If  we  are  eomiwring  two  capacities,  as  in  Fig.  3,  which  repre- 
sents a  generalised  form  of  De  Sauty's  method,  we  lia*'e  in  the 
Heme  way  (if  the  bridge  is  balanced  for  steady  currents) 

8K.-qK,  =  k  l\  ; 
by  removing  the  connections  of  the  condenser  q  we  have 

8  K,  =  k  Dj, 

K,  _  8  D,  -J),  _  r  I),  -  D, 
^~q"   1>.        ~p       D,      ' 
This  must  liol<l  when  the  resistances  s  and  q  are  infinite — U-, 
in  De  .Sauty's  method.     In  this  case,  however,  as  well  as  in  tii* 
case  represented  in  Fig.  2,  the  swing  method  is  needless,  a»  a 
single  null  method  is  npjili cable. 
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If  we  are  comparing  cspacitj  with  matual  induction,  as  in 
Fig.  4,  we  get  in  the  same  way 

and  by  disconnecting  the  condenser  we  get 


or 


M, 


rt 


g  +  8  D,  -  D,* 

If  we  are  comparing  self-induction  and  capacity,  as  in  Fig.  5, 

we  get 

L,  -  5  r  K,  =  fe  D. ; 

and  by  removing  the  condenser, 

L,  =  fc  D„ 

q  r  mast  generally  be  large,  and  it  is  better  to  make  q  larger 
than  r. 

The  following  table  gives  the  results  of  a  set  of  experiments 
made  on  an  induction  coil  the  ratio  between  whose  coefficients 
of  self  and  mutual  induction  was  required.  The  ratio  r  :  ^  of  the 
arm^  of  the  bridge  was  varied  from  50  to  200,  the  ratio  of  the 
coefficients  being  about  midway  between  these  numbers. 

MiTUAi.  Induction  and  SELF-IsDucrrox. 


Batle  of 
Ann*  r :  f. 

Indnetlon 
Waaraiod. 

lieu 

Bwlng. 

Bom  of 
Bwliii*. 

Batlo  ol 

L:lf. 

Bnor. 

67-10  1 
71-77^ 
8316  j 
100-77  1 
11707  ^ 
106-99  i 

L  -    68-10  M 
L  +    G8-10  M 

T.  +    73-8  M 
L  -    71-8  M 

L  +    SS-1  M 
L  -    831  M 

L  +  101-8  M 
I,  -  101-8  M 

t  _  128-1  M 
L  +  128-1  M 

L  *  308-0  M 
L  _  308-0  M 

309) 
666; 

601) 
164f 

695> 
126; 

S94) 
66^ 

-3) 

645; 

631) 
-  136; 

774 
765 
730 
669 
641 
406 
Mkim 

116-3 
117-4 
137-4 
126-8 
1367 
138-5 
1171 

+  0-9 

-0-2 
-0-1 
+  0-4 
■l-OE 

-  1-a 

0-6 
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ifn  If^ajklng  at  the  colamn  Leaded  ^  .Sam  of  Sriag^,"  n  see 
that  tLe  r.'LUiir-T:  gradoallj  'llminiih  to  th?  nnll  poation.  Xor 
the-e  i:'Jinbtr5  in  -iach  cai»  correii-iitd  with  the  constant 
ttmoaB'  of  induction  'J  L,  and  rati^t  therefore  be  a  mesfure  of  the 
s'-n*ib:i:TT  of  tLe  «rrang»nient  of  the  bridge.  The  striking  fact 
comes  om  timt  in  t^i*  [■anicularcaee  the  double  null  airan^ment 
wa*  alii.o-i  tiiat  of  Wst  sendbilitv.  The  reason  of  this  is  not  far 
to  seek.  In  inesioring  resistance  by  the  Vbeat-tone's  bridge 
tlie  '■en-iMIitv,  for  the  ■^atne  galvanometer  and  battery,  de[>endj 
r.jxjn  the  way  in  irhich  the  bridge  is  arranged.  Xow  the  effect 
of  indactioii  or  cajiacity  for  variable  current-  i#  t-sactly  comparable 
with  that  of  a  variable  resistance  ;  so  that  the  bridge,  although 
l^lanc'd  for  steaiiy  currents,  may  be  regarded  as  deranged  for 
variable  currents,  and  the  effect  on  the  galvanometer  will  be 
greatest  when  the  bridge  is  joined  up  for  the  measurement  of 
resiiitan'.'e  in  the  most  sensitive  way.  It  by  no  means  follows  that 
the  most  sensitive  arrangement  of  the  bridge  will  be  the  [wrticu- 
!ar  arrangement  necessary  for  the  null  position. 

It  therefore  Incomes  questionable  whether  the  double  null 
aiTangement  is  worth  the  trouble  of  getting.  Tliose  who  in- 
variably prefi-r  null  uiethoils  make  an  iisr^uuiptiou  which  is  not 
I  rue.  Tliey  a-sume  no  less  than  the  possession  of  a  galvanometer 
oliiifniiie  seii-iibility.  All  they  really  have  is  one  gjilvano  meter 
wliich  i-  the  most  sensitive  at  their  disjwsal,  and  the  best  arrange- 
Miirit  iliey  can  have  is  that  which  will,  with  that  particular 
■^iilvanoiiieter,  yield  the  most  sensitive  re>ults.  However,  thuse 
who  liiive  an  I'xlremely  sensitive  galvanometer  or  nn  extremely 
imrcliable  biittery  c.iu  use  this  metlioil  of  swings  merely  as  an 
jipproximati'on  to  indicate  the  null  position,  jind  may  thereby  save 
irineh  time. 

There  is  a  more  itiiportant  consequence  i>f  the  fact  that  the 
e.vtrfi  curri'ul  through  the  galvanometer  is  ii  linear  function  of 
the  coeflir-ieuts  of  induction  and  capacity.  All  Maxwell's  coni- 
jjarittive  methods  may  be  turned  into  alMihitc  methods,  and 
(hither  .MaxweH's  iihsolute  method,  or,  still  Ijetter,  (he  absolute 
nictliotl  of  i'rofessors  Ayrton  and  I'errj-,  can  be  ajiiilied  to  each 
om-  of  (hem.     !''igs.  1  to  12  illustrate  this. 
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Fig.  1  represents  Maxwell's  method  of  comparing  two  eelF- 
inductioDS,  bat  we  may  regard  the  self-iadaction  in  the  branch  q 
«3  removed,  provided  we  suppose  that  of  the  branch  s  Jx>  be 

Fig.  2  represents  Maxwell's  method  of  comparing  two  mutual 
indactions.  Ii^g.  11  represents  the  same  method  when  the 
current  runs  through  the  bridge.  For  mere  comparison  it  is 
better  to  use  the  arrangement  of  Fig.  2.  For  absolute  messure- 
nient  it  is  better  to  use  the  arrangement  of  Fig.  11.  In  the 
Utter  case  we  may  regard  the  effective  self-induction  of  the 
branch  p  as  being 

—r-  ^»  ±  e  \-i-)  ^^»»' 

and  we  may  regard  the  mutual  induction  a^  being  altogether 
removed. 

Fig.  3  represents  a  method  of  comparing  two  capacities.  We 
may  regard  the  branch  s  as  having  an  eflfective  self-induction  of 

Fig.  4  represents  a  method  of  comparing  mutual  induction 
with  capacity.  We  rafty  regard  the  effective  self-induction  of  the 
branch  r  as  being 

Fig.  5  represents  Maxwell's  method  of  comparing  self-induction 
with  capacity.  We  may  regard  the  effective  self-induction  of  the 
branch  r  as  being 

Fig.  6  represents  Maxwell's  method  of  comparing  self-induction 
with  mutual  induction.     The  effective  self-induction  of  tlie  branch 

sia 

Figs.  7,  8,  9  represent  analogous  methods  of  finding  self- 
induction^  mutual  induction,  and  capacity.     The   effective   self- 

induction  of  the  branch  s  is  L,  for  Fig.  7,  " 51^  for  Fig.  8, 

and  —  a"  K,  for  Fig.  9. 
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Fig.  10  iti  un  iltuslration  of  the  combination   of  the  at 
methods.     The  effective  self-iuduction  of  the  branch  s  in 
ca«e  is 

Tlie  above  exfires^iou!;  may  be  used  not  only  when  the  bride 
is  balanced,  as  in  Miiivrell's  method,  but  also  when  the  bridgej 
deranged,  as  in  the  method  of  Professors  Ayrton  and  Perry,  p« 
rided  that  the  derangement  of  nny  arm  x  is  small  coaii«ired  witl 
Rj„  vis.,  the  resistance  of  the  branch  x  together  with  the 
resistance  of  the  network  between  the  extremities  of  the  branehj 

Fig.  12  lejireseiits  De  Sauty's  method  of  Lomimring  capacitiesT 
If  the  null  position  has  not  been  obtained,  the  value  of  the 
swing  of  the  galvanometer  can  be  found  by  the  same  method  tl 
Professor  FleemingJenkin  used,  and  by  this  means  the  differen 
of  the  capacities  can  be  found  absolutely.     We  may  accumuUtf 
by  periodically  shunting  and  unshunting  the  bridge.     We  cannot 
do  so  by  making  and  breaking  the  battery  circuit,  since  the  coa- 
densers  must  be  discharged. 

The  interest  of  the  above  methods  consists  in  the  fact  tha 
tiiey  are  methods  to  measure  absolutely  the  difference  betwee 
two  quantities.     The  most  accurate  way  of  measuring  the  ratio  i 
two  resistances  is  well  known  to  be  that  of  Professor  Carey  Foster, 
who  measures  the  difference  between  two  nearly  equal  resistanc 
in   tenns  of  the  resistance  of  an  observed  length  of  a  unifor 
wire ;  and  by  that  means,  if  either  of  the  resistances  is  kno< 
fairly  accurately,  their  ratio  can  be  determined  with  extrei 
accuracy.       The   above   methods  are    .inaloguus   with    that 
Professor  Carey  Foster. 

When,  howe\'er,  we  employ  the  cumulative  met! 
exemplified  in  the  secohmmeter  of  Professors  Ayrton  and  Perry" 
the  analogy  is  still  more  complete.  In  using  a  wire  bridge  it  is 
very  difficult  to  determine  the  exact  position  of  the  slider, 
although  it  is  very  easy  to  determine  accurately  the  difference 
between  two  of  its  jiositions;  and  the  great  accuracy  of  Professor 
Foster's  methoil  is  due  to  the  fact  that  it  is  not  necessary  to 
determine  the  absolute  position  of  the  slider,  because  all  that  is 
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required  is  the  difference  betweeo  two  positions.  Now  one  of  the 
faults  of  Maxwell's  methods  consists  in  the  necessity  of  having  a 
very  exact  balance  of  the  bridge.  As  an  example,  when  the 
branches  r  and  a  were  each  about  6,000  ohms,  It  was  found 
necessary  to  adjust  r  to  a  small  fraction  of  an  ohm  by  adjusting 
the  length  of  a  bare  wire  connecting  two  terminals,  and  even 
then  the  heating  caused  by  keeping  on  the  battery  for  a  moment 
KO  altered  the  balance  that  a  correction  had  to  be  applied. 
However,  when  the  cumulative  method  of  Professors  Ayrton  and 
Perry  is  emjiloyed,  it  is  not  necessary  to  have  the  bridge  balanced 
at  all.  It  is  only  necessary  to  have  the  biidge  so  nearly  balanced 
that  the  spot  may  be  on  the  scale. 

This  result  is  a  simple  deduction  from  equation  (13)  of  the 
t>aper  of  Professors  Ayrton  and  Perry.  It  may  also  be  proved  as 
follows : — 

If  there  is  no  induction    in  the   biidge,  but  the  arm  b  is 

ileranged  from  balance  by  an  amount  <Tg,  the  deflection  Dj,  of  the 

galvanometer  will  be  iiroportional  to  i7g  for  small  derangements; 

so  that 

Dp  =  k  ff„, 

k  being  a  constant.  If  the  battery  is  on  for  only  a  portion  (l)  of 
the  time,  the  deflection  DJ  will  be  I  times  this ;  so  that 

and  if  we  alter  the  resistances  r  and  s  by  small  amounts  [iro- 
portional  to  r  and  e  the  deflection  will  not  be  altered.  Now  in 
testing  for  self-induction  we  practically  increase  the  resistance  of 
the  arm  s  by  an  amount  a  in  consequence  of  the  self-induction, 
and  in  order  to  find  out  what  is  the  value  of  o-  we  increase  the 
arm  r  by  an  amount  whicli  bears  the  same  proportion  to  p  that  a 
does  to  q.  We  shall  know  this  is  the  case  when  the  deflection  of 
the  galvanometer  is  /Dj,  where  I  is  the  lead  of  the  secohmmeter — 
i.e.,  the  proportion  of  the  time  the  galvanometer  and  battery  are 
on  together  to  the  period  of  the  commutator. 
So  that,  in  testing  with  the  secohmmeter, 

(1)  Obsen-e  the  position  of  rest  (Z)  of  the  spot. 

(2)  Adjust  the  bridge  roughly  for  resistance  until  the  spot 

comes  to  a  i)oint,  D,,  not  far  from  Z. 
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'3i  Take  a  jiTiiDi  on  the  scale  betveen  these  two,  ^nrb  T.h»t 
it-!  diftance  from  Z  bear:  to  tlie  distance  betveea  / 
and  I>.  *he  iirojionioD  of  ;lie  lead  of  the  in^rameiK. 
ATi'l  u.«-  ti;:»  point  a«  a  zero. 
'4  r  IVraiige  the  bridge  bv  a  knovn  amonni.and  Inni  tiie 
?-e«o!iiiiin^^T    till   the   spot   of   light   passes  *-IowU- 
ihrou^li  ill'*  zero.     At  tLii  moment  [ire?*  the  key  ami 
take  th-  ^Il--ed  reading. 
IJy  this  metli'>l  oiily  one  trror  of  ju'igmeni  can  arise,  viz., 
th<?  deteniiinatiiiii  of  t!ie  sp**d. 

Tbf  analogs'  with  tlie  method  of  Profe>5or  Foster  ip  clearly 
shown  by  the  fact  that  the  mate  wire  bridge  can  be  n>cd.  If, 
in  Fig,  7,  the  re-istaiice  /*  +  '_/  be  that  of  a  str.iight  tmil^>nj> 
wire,  w-  have^ 

1.  For  resiMante  };ulancf — 

fl  :>■  =  '/  :  i- 
m  f  '.  y  +  a  =  ff  '  ij  -T-  j: 

2.  For  c-iiiiiiiiiitative  bahiuce — 

e  -r  T  :  I-  +  a  +  fT  =  <f'  :  If'  +  i>. 

where  o-  i^   the  effi-ctive  iiicrea^e  of  r^■M^tanct•  owinsj  to  ^eif- 

inductioii. 

,..\., 

n   being  tlie  niimbi-r  of  rfvo!utiiiii>  jier  :'eeoiid.  and  /  the  Ifaii. 
ij'  is  Ihe  new  value  of '/',  and  •/  +  p'  =  •/  +  ji. 

Xow,  genenilly,  <r  is  small  coiu|iare(l  with  s;  so  iIibI 

f  :  '■  +  p  =  '/'  —  7  ;  jj  +  (/. 

and  ].,=  -(,,   —  ,/)  — -— , 

n     -  "  [J  +  'I 

Tln'  Iwo  cliief  advantages  of  the  cuuiulative  metlioi.l  lire—  • 
( 1^  Iiii[iulse>  aiv  tunieil  into  steady  currents  as  far  as  galvjin- 
(iinetera  arc  eancemed,  and  therefore  null  inethoils 
are  aii(ilifalilc  which  would  otlierwise  be  impossible. 
(2i  The  sensihilily  of  the  galvanometer  is  jiraet it-ally  multi- 
plied by  till-  speed  of  the  commutator,  'llie  only 
limit  is  that  given  liy  the  ratio  between  the  period  of 
the     eoininiilalur     und     the     lime    eon^tnnt     of  the 
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R        network — i.e.,  the  time  needed  for  cun-eats  to  com- 
l>lelfly  i-atablish  themselves.     Tliis  renders  it  possible 
to  uiut'li   iiuin-ove  auy  existing  uull  method,  however 
gOOil. 
!  sensitiveness  of  any  of  the  above-mentioned  differeno 
Is  depends  ujion  three  considerations— 
(1^  Tiie  tensitiveness  of  the  arrangement  of  the  bridge  for 

I  the  measurement  of  resistance. 

(2)  The  time  constant  of  the  bridge, 
(3)  The  amount  of  the  difference  measured. 
Thus,  in  order  to  determine  the  ratio  between  L  and  Al  accu- 
rately by  the  method  of  Fig.  6,  it  is  necessary  to  remember  that 

I.  -a^l  =  bT)  +  |, 

where  D  is  the  deflection  caused  by  a  small  derangement  from 
the  null  position,  mid  u  and  b  are  constants;  N  is  the  speed 
reading  of  the  secohmmeter,  and  <r  the  apparent  increase  of 
resistance.  Tlie  most  advantageous  value  of  b  will  be  given  by 
f  1)  and  (2J,  combined  with  the  consideration  that,  other  things 
being  equal,  it  is  Iwst  to  have  a  as  nearly  equal  to  L^M  as 
()0?sible. 

If  the  compiyati^e  methods  of  filaxwell  can  be  rendered 
delicate  by  cumulation,  all  that  is  required  for  practical  pm-poses 
is  done,  for  we  lia\"e  good  staudaixis  of  ca]»acity,  and  coils  of  wire 
having  constant  self-induction  can  easily  he  made.  If,  however, 
the  effects  are  not  accumulated,  it  seems  as  though  no  compara- 
tive ntUI  method  of  measuring  these  quantities  can  be  more 
delicate  than  would  be  the  measurement  of  resistance  by  a 
Wheatstone's  bridge,  if  it  were  only  possible  to  touch  the  battery 
key  for  an  instant.  This  process  is  employed  when  the  bridge  is 
far  from  balance,  in  order  to  prevent  the  effect  on  the  galvan- 
ometer from  being  too  great;  and  this  is  the  process  wliich  must 
be  used  in  the  measurement  of  induction  and  capacity,  since  their 
effect  vanishes  afler  tlie  first  instant.  Even  the  compai'ative 
method  of  Professor  Caiey  Foster,  excellent  as  it  is,  could  be 
much  improved  by  using  a  cumulative  method,  not  only  because 
the  galvanometer  is  rendered  more  sensitive,  but  also  because  a 
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slight  difficulty  wliich  renders  a  verv  essict  lialance  iuijxjssiliie 
could  be  overfome — viz.,  milessihe galvanometer  i'^  very  ballislii', 
the  condenser  effect  aeaerts  itself  before  the  mntual  indnction 
effect,  and  impartTi  a  slight  im|iul3e  to  the  neeiile,  which  it  is 
difficult  to  allow  for  accurately. 

If  the  cutnulative  method  be  employe-d,  and  the  readings  for 
different  speeds  plotted,  the  points  should  lie  on  a  straight  line. 
As  the  zero  point  ou  this  line  i^  absolutely  known,  it  is  possible 
to  get  the  slope  of  the  line  with  very  great  accuracy. 

Maxwell's  absolute  method  being  thus  equally  applicable  U 
the  measurement  of  self-induction,  mutual  induction,  and  ca 
it  seemed  very  proljable  that  any  method  of  measuring  eilher 
these  quantities  would  suggest  methods  of  measuring  the  rem. 
ing  two.     For  that  puriioae  I  have  traced  out  an  analogy,  vhic 
represented  in  the   figures.     The  first  twelve  figures  show  the 
result    of   the    analysis    of  Maxwell's    methods.       The    next    six 
figures  (13-18)  represent  the  result  of  an  analysis  of  Heeming 
Jenldn"s    method  of  determining  the  capacity  of  a    condenser. 
Figs.    13,   14,   and    15   represent   analogous  methods  of  deter- 
mining the  self-induction   of  a   coil,  the  mutual   induction  of 
two  coils,  and  the  oa]iacity  of  a  condenser.     The  coil  or  condenser 
is  charged  by  making  the  battery  connection,  and   discharj 
through  the  gidvanoineter.     In  the  case  of  mutual  induction  the 
alteration  of  the  current  in  the  battery  circuit  causes  a  quantity 
of  electricity   to   rush   through   the   galvanometer,  which  is   a 
measure  of  the  product  of  the  change  of  current  and  the  mutnni 
induction.     In  each  case  it  is  necessary  to  determine  the  meaning 
of  the  awing  of  the  galvanometer,  and  to  eliminate  the  unknown 
electro-motive  force  of  the  battery.     This  can  be  done  hy  the  same 
method  in  each  case. 

If,  however,  the  liattery  and  galvanometer  connections  are 
made  and  broken  periodically  the  effects  are  accumulated,  and 
the  galvanometer  will  give  a  steady  deflection,  which,  on  being 
com^>ared  with  the  deflection  given  by  the  same  galvanomeler 
and  battery  when  a  known  resistance  is  in  circuit,  will  render  it 
possible  to  determine  the  required  coefficient  directly  Ju  t.eniis  o( 
(he  resistances  used,  the  ratio  of  two  deflections,  and  the  period 
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(he  commutator  cycle.  A  ballistic  galvanometer  may  therefore 
l>e  dis^wnsed  witli.  In  the  method  indicated  by  Fig.  13  n  short 
inten^d  may  be  allowed  to  occur  between  breaking  the  Iwittery 
(onnection  and  making  the  galvanometer  connection,  provided  a 
condenser  be  used.  It  is,  however,  better  to  dispense  with  a  con- 
denser, and  allow  a  short  time  to  elapse  between  making  one 
connection  and  breaking  the  other,  for  when  the  coil  having 
^  elf-induct  ion  is  suddenly  isolated  ita  electro-kinetic  momentum 
will  cause  the  potential  difference  of  the  condenser  Hhunted  to  it 
to  alter  almost  inistanlly  to  many  times  ita  original  value.  In 
either  case,  however,  a  correction  will  have  to  be  applied  to  the 
formula.  In  the  method  of  Fig.  15  an  inten-al  may  with  adran- 
tage  be  allowed  to  occur  between  the  breaking  of  one  connection 
and  the  making  of  the  other.  In  the  method  of  Fig.  14  it  h 
advantageous  lo  make  the  connection  wliicli  short-circuits  the 
galvanometer  before  breaking  the  battery  connection. 

As,  however,  the  effect  of  accumulating  all  the  impulses  in 
one  direction  is,  as  far  as  galvanometers  are  concerned,  to  produce 
steady  currents,  it  is  easy  to  develop  these  methods  into  null 
methods.  We  have  only  to  shunt  part  of  the  battery  current 
continuously  through  the  galvanometer.  Figs.  16,  17,  and  18 
show  the  result.  The  battery  has  to  be  placed  differently  in 
Kigs.  1(J  and  18,  because  a  condenser  discliarges  in  the  opposite 
way  to  that  of  a  coil  having  self-induction.  A  jarticular  case  of 
Fig.  18  is  when  the  resistance  R  shunting  the  condenser  is  made 
infinite.  If  we  suppose  the  self-induction  of  the  wire  K  to 
increase,  and  the  capacity  of  the  condenser  to  diminish,  the  effect 
on  the  galvanometer  due  to  the  induction  diminishes  through 
2erotill,in  the  limit  when  the  capacity  of  the  condenser  is  nothing, 
we  have  merely  the  case  of  Fig.  16.  The  remarks  about  the 
commutators  of  Figs.  13,  14,  and  15  apply  equally  to  those  of 
Figs.  16,  17,  and  18.  In  Fig,  17  it  is  aeen  that  the  commutator 
develoiis  into  that  used  by  Professors  Ayrton  and  Perry. 

In    seeking   the   method    of    measuring    mutual    induction 
analogous  to  the  methods  of  Figs.  16  and  18,  it  was  found  that 
e  end  X<Fig.  17)   of  the  battery  branch  could  be  placed  at 
any  jwint  on  the  bridge  along  .\  D  C,     Now,  if  the  point  X  ho 
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connectpd  with  T>,  wff  have  Maxwell's  method ;  whilf,  if  it  be 
connected  with  C,  we  have  a  simple  deduction  from  Professor 
Carey  Foster's  method  when  we  aceumuhitf,  since,  under  these 
circumstances,  it  i»  easy  to  see  that  the  condenser  used  by  Pro- 
fessor Carey  Foster  is  needless.  There  ij?,  fonseijuently,  a  close 
relationship  between  all  these  method?,  and  no  one  of  them  is 
distinct. 

Figs.    19-21    show   methods   for   finding   eajwicity  and   BftlF- 
induction  which  are  analogous  with  a  method  given  by  Maxwell 
(Vol.  11.,  sec.  776),     Fig.  20  represents  a  Wheiitstone's  bridge  in 
which  one  of  the  arms,  A  B,  is  absent,  and  this  absent  arm  may 
be  snpplierl  by  any  one  of  those  represented  in  Figs.  20a  to  'M?. 
Figs,  ly  and  Ma  represent  Maswell's  method  of  finding  cajmcity 
(Vol.  II.,  sec.  776) — a  method  to  which  bewa.s  li"d  by  the  coiisidera- 
tion  that  if  the  oonnectiona  of  a  circuit  with  the  terminals  of  a 
condenser  were  ])eriodically  interchanged,  the  effect  of  the  capa- 
city would  be  comparable  with  thai  'if  a  refiistance.     The  same 
analogy  led  to  a  method  of  finding  aelf-iuductiou  described  in  the 
appendix  of  the  paper  of  Professors  .\yrton  and  Perry,  and  repre- 
Benteil  in  Figs.   20e  and   21.     The  ditlercnce  between  the  two 
cases  consists  in  the  fact  that  the  more  nipiilly  a  condenser  is 
commntated  the  less  iri  its  apparent  rep!-*tnnce,  while  the  reverse 
is  the  case  with  Belf-induetlon.     In  Fig.  20i:,  if  the  resistance  Q 
of  the  self-induction  coil  increases  witliout  limit,  we  have  simply 
MaxweU's method, in  which  it  is  best  toallow  an  iuter\-al  between 
the  reversals.     If,  on   the  other   hand,  there   is  no   condenser 
used,  a    small   short-circuit  may  be   allowed   to   occur  daring 
reversal,  and   its  effect  eliminated  in  the  way  described  in  the 
ajipendis  of  the  paper  of  Professors  Ayrton  and  I'erry.     Professor 
.1.  J.  Thomson  (PhU.  Trans.,  III.,  1883}  gives  a  modification  of 
maxwell's  method,   which   consists   of    breaking   the   condenser 
connection  and  discharging  it,  instead  of  reversing  its  conne(>- 
tions.     In  Fig.  20c  much  the  same  result  is  brought  about  by 
employing  a  revolving  connector,  which  short-circuit b  the  con- 
denser during  a  small  fraction  of  a  revolution.     The  formula  will 
have  to  include  a  correction  for  the  short-ciri'uiting  the  arm  A  It 
wf  (lie  bridge  while  the  condenser  is  lieing  discharged;  but  thl^ 
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•■orrectirjii  nt^  be  bat  very  small,  for  tlie  time  oomtant  of  tUe 
■  ondeiwer  for  discliarge,  being  the  proiluct.  of  its  t-apacity  anil  iht* 
f^siKtance  of  (lit-  f^hort -circuit,  is  very  small  indeed,  bo  that  the 

liort-circaiting  need  only  last  for  a  very  small  fraction  of  a 
ifVsltitioD.  FigM,  SOBand  20 n  are  but  extended  i-ases of  Figs.  20a 
luid  2(.lr.  Maxwell's  method  may  he  regarded  as  n  qiecial  tase  of 
Hi*  nietliod  represented  in  Fig.  20e.  Fig.  20i'  representa  a 
TDelliod  of  finding  self-induction  comewbat  analogous  with  that 
of  Fig.  20c.  but  it  has  not  yielded  good  result!^.  There  ate 
anslogoiii  iiiethodB  of  detennining  mutual  induction,  but  they 
are  not  veiy  promising.  In  these  iuetho<ls  the  L-ommutator  is  in 
the  arm  of  the  bridge.  This  is  no  disadvantage  in  the  ca«e  of 
tneiuuring  cafiacity,  Imt  it  is  a  disadvantage  in  the  case  of  self- 
tmhietion  unless  the  resistances  of  tlie  bridge  are  much  larger 
t-ban  that  of  the  commutator.  The  connection  of  these  methoda 
witb  the  preceding  is  shown  by  Fig.  18.     If,  insteml  of  discharg- 

ig  the  condenser  through  the  galvanometer,  the  condenser  be 
nrged  through  Ihe  galvanometer,  we  get  I'rofeafior  J.  J.  Thom- 
son's modification  of  Maxwell's  method. 

Fig.  22  represents  a  method  Buggested  by  Professor  Ayrlon 

■r  determining  the  coefficient  uf  self-induction  of  a  coil  while  a 
[larlicular  current  is  flowing  througli  it.  tL  is  but  a  slight  modi- 
fication of  Maxwell's  method,  and  consists  in  altering  by  a  small 
amoant  the  current  ninning  through  the  bridge  instead  of 
establishing  it  from  zero  to  its  full  value.     It  can  be  easily  shown 

iBder  tbetie  circumstances  that 
,  "  "  I-',  —  C,  "    tan.  a     ^/^'"TIl* 

here  C,'  is  the  current  ninning  through  the  coil  when  a  derange- 
lent  R  of  the  arm  of  the  bridge  in  which  the  coll  is  placed  pro- 
Hce«  a  steady  deflection  a  on  the  bridge  galvanometer,  and 
I",  —  C,  is  the  change  of  current  in  this  arm  which,  when  the 
bridge  i^  halaueed  for  steady  ciments,  protluces  a  swing  ^ ;  T  is 
,e  (RTiod  and  A  the  logarithmic  decrement  of  the  same  galvan- 
iiieter. 
The   experiments,  which   were   performed   with   the  aid   of 


m 


*  tun     ' 

C,'  Bin.  iff  R  T         ;      ■  X 
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Messrs.  Eossiter  and  Watney,  of  the  Central  Institution,  were 

made  on  the  field  niagiiets  of  a  tiramme  dynamo,  and  also  on 

tliose  of  a  Ferranti  dynamo.     The  arms  A  B  and  A  D  had  resial- 

ani^es  of  about  10,000  ohini-  each,  B  B,  was  the  coil  whose  BCtf- 

induction  was  required,  D  D,  was  a  German  Hiiver  wire  of  about 

equal  res i Stan (.'e.  1),  U,  was  a  very  thick  German  sih'er  wire  on 

which    a   eliding    connector  (C)  was   placed.      The  D'Arsonvnl 

galvanometer   G,   connected   A    and    C   through  a   key.      The 

mercury   cujis  B,,  B.,  were  connected  by   a  short-circuit  ]>lug, 

except  when  the  deflection  corresponding  to  a  known  derangement 

K  of  tlie  arm  B  C  was  required,     a  a  a  are  accumulators ;  R  H  R 

is  a  resistance  capable  of  being  inserted  more  or  less  into  the 

battery  circuit   by  means  of   I  he  switch  S,     The  currents  were 

changed  by  moving  the  switch,  and  the  change  of  current  was 

read  by  a  second  D'Arsonval  gfllvauometer(G,).     By  pressing  t| 

key  K,  the  gah^anometer  G,  was  shunted  to  a  constant  length 

the  wire  D,  B„,  and  measured  the  current  absolutely.     By  pressing 

the  key  K,  the  galvanometer   was    shunted   to  any  convemeiit 

length  of  the  wire  D,  B„  and  by  taking  the  de6ections  cor 

C ' 
ponding  with  C,',  C,,  and  Cj  the  ratio  -^ — —;  was  easily  found. 

(-,  —  O, 

The  currents  used  varied  up  to  30  amperes,  and  were  sent  in 

both  directions.  The  results  fhow  that  the  coefEcieul  varies 
with  the  current,  and  ako  with  the  previous  history  of  the  iroi| 
The  set  of  values  obtained  with  an  ascending  series  of  cnrren 
differs  from  that  obtained  with  a  descending  eeries.  The  co- 
efficient diminishes  rapidly  at  first,  and  then  more  and'  mo 
slowly.  In  several  cases  the  results  strongly  indicate  thai  l\ 
maximum  value  of  the  coefficient  is  not  that  for  zero  currei 
This  is  exactly  what  it  is  natural  to  expect,  on  the  assiunpti 
that  the  self-induction  curve  is  the  differential  of  that 
magnetic  permeability;  for  the  slope  of  the  latter  curve  is  smal^ 
at  first,  increases  to  a  maximum,  and  then  diminishes  asymptot 
ally.  All  the  results  are,  however,  much  complicated  by 
fact  that  the  D'Arsonval  giilvnnometer  was  not  tsuDicient 
ballistic.  Under  these  circumstances  changing  the  resislao 
in  the  battery   circuit  alters  the    time  constanl  of  the  brid 
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altltougli  it  does  not  for  the  some  change  of  current  alter  the 
quantity  which  i»asses  through  the  galvaoometer.  The  ratio 
between  the  swing  of  the  galvanometer  and  the  quantity  passing 
through  it  wan  therefore  not  constant,  and  the  results  are  there- 
fore not  accurate. 

This  method  i.s  equally  applicable  to  the  measurement  of 
change  of  coefficients  of  mutual  induction  and  capacity.  It  is 
not  ea^y  to  render  it  accumulative.  If,  instead  of  making  and 
breaking  the  battery  circuit,  the  iwints  B  and  D  be  periodically 
shunted  and  unshunted  by  a  known  resistance,  it  will  be  neces- 
sary to  know  the  resistances  in  the  other  parts  of  the  bridge ;  and 
this  will  be  difficult  if  the  resistances  heat,  as  they  must  when 
large  currents  are  used.  In  the  method  just  described  the  only 
resistance  necessary  to  know  was  that  of  K,  and  this  was  not 

allowed  to  heat. 

General  Formula. 

The  foUowuig  method  of  treating  the  general  problem  of  a 
network  of  conduitors  will  be  found  simpler  in  working  than  tliat 
of  Clerk-Maxwell,  who  (Vol.  I.,  sec.  280)  expresses  potentials  in 
terms  of  the  conductivities  of  tlie  different  branches : — 
Lei  Kj.  denote  the  E.M,F.  in  any  branch  x  of  the  network. 
„    C>  „  cuiTent  „  „ 

„    L  „  coefficient  of  self-induction  in  any  branch  x  of 

the  network, 
,,    -Mjj        ,.  coefficient  of  mutual  induction   between  the 

branches  z  and  ?/  of  the  network. 
„    X  ,,  resistance  of  the  branch  it. 

,,    K^j,         „  ratio  of  a  definite  electro-motive  fou-e  in  the 

bninch   x  to   the  steady  current   in   the 
branch  y  produced  by  it.    This  ratio  de- 
[leiuls    only   on    the   resistances   of   the 
iii-twork  branches. 
Ijct  the  positive  direction  of  any  branch  be  defined  as  that  direc- 
tion in  which  on  electi-o-iiiotive  force  niuKt  act  in  that  branch  to 
produce  a  current  in  a  particular  direction  in  a  particular  branch, 
and  let  the  current  or  K.M.F.  of  a  branch  be  considered  iiositive 
when  acting  in  the  |>ositive  direction  of  the  branch. 
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It  follow^  from  >[axwe11  (Vol.  I„  sec.  :f8I  i,  tliat 

R^  =   +  B,., 
ami  also  that  the  above  definitioD  i>  equivalent  to  the  folloviog:— 
Tlie  jto-itive  direction  of  any  branch  is  the  direction  of  the 
i?iirrent  prodace*!  in  it  by  a  positive  electro-motive  force 
in  n  jMirticnlur  branch. 
Ttie   kinetic  energy   due  to   the   mutual   indtiction   of  the 
branches  x  and  n  is 

If  the  electro-motive  forces  in  the  network  tend  to  increase 
either  of  the  currents  C^  or  C^  there  must  be  created  an  opp(King 
electro-motive  force  in  the  other  branch,  fince  otherwise  enei^y 
noulil  be  created.     From  this  it  follows  that 

M,,  =  +  M, . 
Since  self-induction,  mutual  induction,  and  ca[)acitT  sup}ily  extra 
electro-motive  forces  while  the  currents  are  changing,  we  can  at 
once  write  down  an  expression  for  the  cuiTent  [tassing  through  any 
j>articular  branch  g 

_  ^.    E,    _^    U   ''iC_vVM       f     ^     ''f'r    ,       1     tfC.  1 

'"  ~  w.,      "  M,  dt      ---""'  I "k;  "./;  "^  R„  dt  J 

+  -   J{,,      dt '" 

wlififi  we  supjiOfie  eacli  condenser  K,  to  be  shunted  by  a  wire  of 
resistance  ;  and  no  self-induction.  LudT  these  circumstances 
it  hiis  been  sliown  in  an  earlier  pnrt  of  ihi-  paper  that  the  extra 
ulectro-iiiotivc  force  due  to  this  cause  is 

./ 1.\  _         __  <l  K,  \\    _   ^  d  Q, 
dt    ~   '^   '      dt       ''   ^  ~d~t' 
when;  V.  is  the  jiotential  difference    and   tj.  the  charge  of  the 
crui denser  c. 

If,  wifji  ^Iftxwell,  we  define  llie  electro-kinetic  momentum  of 
Hie  bnini'li  .r  to  be 

P.  =  L,CV  -I-  :■  M,,c-„ 
we  TMJiy  write  efjualion  (\) 

i-  =v   K._^    1    dy         .    .dQ, 
'     -  K,      -K,,  dt  ^  -u,,  dt     •"       *-' 

111  I'lilc'i'  io  get  ilie  effect  of  a  condenser  whose  terminals  are 
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merely  connected  to  two  ixjints  on  the  network,  we  shall  have  to 
consider  the  limit  of  „    when  z  is  made  infinite. 
We  get,  by  integrating  (2), 

Q,=  Q.-Q;,  +  Q.       (3) 

whei-e  Q,;  =  total  (juantity  which  has  pasi^ed  through  the  galvan- 
ometer, 

(I  —  ■*  i  ^'■' 


Ihe  suffixes  I  and  o  denoting  the  time  of  evaluation.  If  the 
cuiTents  jiroceed  from  one  steady  state  to  another,  we  can 
evaluate  the  effect  of  all  condensers  shunted  hy  wirew  by 
fliminisliing  the  self-induction  of  each  wire  by  K  :*,  K  being  the 
i-ajjaoity  of  the  condenser  and  z  the  reaistanct*  of  the  wire.     In 

the  case  when  z  is  infinite  we  must  find  the  limit  "f    ' . 

Imagine  the  terminals  of  the  condenser  replaied  by  those  of 
a  battery,  and  let  p  be  the  ratio  of  the  i-nn-ent  through  (lie  gal- 
vanmneter  to  that  through  the  battery;  then 


=[ia^-. 


I'or    imagine  an  electro-motive  force  E   to  be   Iwated   in   the 
branch  c.    The  ratio  p  is,  by  definition, 

E       E        It.. 


K^  •  Ii„  -  li^ 


Kut    ■■'  i^  independent  of  :,  as  we  show  later  (10) ;  so  tliat  p  is 


■3 

also 


Lk'^:  =  .  LkJ-' 


because  TX,.  =  ^  -i-  Kj,,  where  Ituis  the  resistance  of  the  network 
between  the  extremities  of  c,  supposing  z  removed. 

It  follows    -  =  (coefficient  of  z  in  K,,). 
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It  is  noteworthy  that  we  may  write  equation  (1) 

where  L'^  =  L^  +  S^M^; 

SO  that  the  total  effect  on  the  galvanometer  will  be  exactly  as  if 
the  self-induction  of  every  branch  x  were  increased  from  Lj.  to  L'„ 
as  above  deiined,  and  the  mutual  induction  removed. 

Equation  (3)  shows  that  for  a  complete  cycle  Q^  and  Q*  will 
be  eacli  zero,  provided  the  resistances  of  the  bridge  are  not 
changed.  If,  however,  aa  in  an  Ayrton  and  Perry's  cycle,  some 
of  the  resistances  are  changed,  the  cycle  must  be  dirided  into 
I»arts  during  which  no  such  change  takes  place,  and  the 
integrals  for  each  i>art  must  be  added.  In  such  cases  the  eelf- 
induction  of  the  gahanometer  will  probably  produce  an  effect, 
and  must  be  allowed  for. 

Thus  Mr.  H.  B.  Bourne,  while  esi»rimenting  at  the  Central 
Institution  on  the  ap]tarent  resistance  of  a  j>eriodii-  make-and- 
break  placed  in  one  of  the  arms  of  the  bridge,  found  that  by 
adding  self-induction  to  the  galvanometer  branch  the  result  was 
considerably  affected. 

The  definition  given  above  of  the  ixisitivc  direction  of  a 
branch  serves  our  [iresent  jiurpose.  It  is,  however,  faulty  in  so 
far  that  a  positive  electro-mot ivo  force  in  any  branch  does  not 
neces^iarily  produce  jjositive  currents  in  all  the  other  branches. 
The  ambiguity  arises  from  the  fact  that  the  network  functions 
H^y  aic  constrained  by  detinition  to  be  essentially  positive 
quantities. 

tiKSKRAi,  Netivouk  ov  (.'os ductohs. 

'L'lie  mo.-t  general  ca^e  of  a  network  of  conductors  is  that  in 
which  p  points  are  connected  by  branches  in  such  a  way  that 
cacti  point  is  the  junction  of  three  bracnhes,  and  of  three  branches 
only.  Any  other  network  can  be  deduced  from  this  by  diminish- 
ing to  zero  t!ie  resistances  of  one  or  more  of  the  branches.  In 
tlie  general  case  p  must   he  even,  since  the  number  of  branches 

is  -  2'-     I'Pt  2^  —  '^  '")  ^'"^  *-''^"  "  ^^^  degree  of  the  network.    If 
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K.. 
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K^ 
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K. 
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«:. 

=^ 

a.. 

+ 

«.r 

ve  increase  to  infiiiity  the  resistance  of  any  branch,  we  merely 
diminish  the  degree  of  the  network  by  unity. 

There  will  be  3  ft  branches,  Zn  currents, network 

functions  of  the  form  R_^  and  3  n  more  of  the  form  Kjj..  There 
are  only  (ti  +1)  independent  currents,  since  at  each  of  the  points 
of  the  network  we  have  an  equation  of  continuity,  and  2n—l 
of  these  are  independent. 

Moreover,   for  each   point  of   the  network   we  have   three 
equations  of  continuity  for  the  network  functions — 


(5) 


where  the  branches  a;,  y,  z  meet  in  a  point.  We  shall  get  (it  +  1) 
independent  equations  connecting  the  electro-motive  forces,  the 
carrents,  and  the  resistances  of  the  different  branches.  These 
equations  will  be  linear  for  either  ciirrenta  or  resistances.  By 
solving  for  any  current  C^  we  shall  get 

where  A  is  a  determinant  of  the  resistances  of  degree  («  +  1) 
which  will  be  the  same  for  each  of  the  independent  currents,  and 
which,  in  consequence  of  the  Kimple  sum  and  difference  relation 
between  these  currents  and  the  others,  will  be  the  same  for  all 
the  carrents.  A„j  will  be  a  first  minor  of  A  corresponding  with 
the  electro-motive  force  E,  and  the  current  x.  Its  degree  is  «. 
Suppose  the  only  eleetro-motive  force  is  that  in  the  branch  y, 
then,  from  definition, 

Now  A  must  consist  of  products  formed  by  taking  certain  com- 
binations of  {n  +  1)  of  the  resistances.  It  can  only  consist  of 
positive  terms ;  for,  from  simple  physical  considerations, 
Ra  =  aj  -H  Bon  where  R„  is  the  resistance  of  the  network  between 
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TTIitl.C*  I...  =       — _    .     f—  .  -    .    =-.  ...         itf 

e>jea-.-ien:  of  jf  m  .1       A.... 

T;.e  -;gi!  ■•:'  A  .-uu-t  ilierefcre  be  ihe  same  as  that  of  iLe  (.■o- 
Hrlcitnt  of  ^.  Bui  j-  is  ar.y  rei^istance  cf  ihe  netvork,  the^efon^ 
eacJ.  i*-nii  of  ^  rim-t  Lave  x'l.e  samf  sign, 

Tiii-  argu:ntn*  a!-rO  prvY*-?-  that  A  can  t-ontain  no  {-over  gf  / 
liigij(-i- than  I'lrt:  Sr^t.  fur  ■■iL'-nrise  II  .  woiiKl  involve  z.  H^nc* 
A  t-oD-^i-l^  '(f  j.rwlucts  of  -liiFtTeni  lombiimiion:  of  (.i+lj 
la-r'KHuwi  >•{  ilitr  Eftwork,  aD'l  con>i«is  of  only  po?itive  t^nus. 
It  doe^  not  iiivohe  all  tLe  combination-  |ior?ibIe.  beotu^^ 
iiltl.ougii  involving  all  thi-  re>i -lancet,  and  although  the  sme 
for  »-a' -h  i-iuTenr.  it  ha.s  not  V'een  formed  in  a  ?\ininetricsl  fafhion. 
h  lia-  been  ■•iitaiin"-!  by  considering  (n  +  1 1  brancbei:  no  three 
of  wiiicli  mt-ei  in  a  iMut. 

In  tlif  exiirej:-ion  for  A  we  miLsi  ihen-fone  exclude  tho^e  com- 
binations involving  tb*?  prihluct  of  the  resirtances  of  any  thwf 
braut-iie-f  rueeling  in  a  jxtint. 

A  ton>irts  of  the  sum  of  the  ]>nMluct>  of  tlie  I'esi^tances  of 
Jill  c'lmbiiiatioiis  of  .i  -i-  1  bnint-he?  which  ai-e  .sucli  that 
iu'leiiendetit  currents  may  be  ^uiii'osetl  to  fsi>t  in 
llinii  (T) 

It'  wi;  'iiiiiini-h  ti>  zero  tlie  n'si>tancc  of  :inv  one  branch  of 
ili<-  n<'twurk.  A  will  be  dilnini^hed  by  tiip  >iim  of  the  jirodii* 
containing  tUi-  loistance  a^  a  fiicloi.  We  cannot  introduce 
new  |iroduct>  by  thi>  iiieau^. 

Now  li-t  a  It  c  ...  X  be  sniy  (a  +  li  brandies  of  the  uetwork, 
jindHU])i">si- wiMliininii-h  the  resistiuicrsof  the  remaining  (2  h  —  1) 
i;r«nclii-s  till  tliey  arc  infiniiely  small.     It  will  still  be  true  tlial 

A 


!!,.= 


coeffifieiit  of  ur  in  A' 


wliere  x  i>  "ny  one  of  ihe  (n  +  1 )  branches  chosen. 

N'ow  A  will  be  infinitely  small  unless  it  contains  as  one  of 
its  tenns  the  product  ah  c  .  .  .  .r,  sinct^  any  other  product  of 
it  +  1    resisliinces   will   contain    at    Ieil^t    one    infiuitely  smoU 
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resistance  as  a  factor.     If  A  does  contain  this  product  we  shall 

liave 

Kj.r=  X  +  terms  infinitely  smalL 

Proceeding  to  tiie  limit,  we  have 

which   mean;;   that   the    branch  x  has    been  .'^hort -circuited  by 
making  the  (2  7i  —  1)  resistances  zero. 

A  can  therefore  only  consiist  of  the  sum  of  such  products  of 
(n  +  1 )  resistances  that  the  branches  with  which  they  correspond 
are  each  short-circuited  by  making  the  remaining  (2  n — 1) 
re!ii:ifances  zero.  It  must  contain  every  such  product,  for  if 
the  remaining  (2  n  —  1)  resistances  are  zero  we  must  have 
for  each  of  the  (n  +  1)  resistances 

coefficient  oi  x  in  A' 
which   shows   tliat  A  must   reduce  to  and  contain  the  product 
ahc  .  .  .X. 

Xow  if  the  currents  in  the  (»  +  1)  brunches  ti  6  c  .  . .  a:  are 
such  that  no  one  can  be  deduced  from  the  others  whatever  the 
resistances  of  thi-  remaining  (2  n —  1)  branches,  the  {n  +  1) 
branches  in  which  they  flow  must  be  each  short-circuited  by 
making  these  resistances  zero ;  otherwise  three  or  more  of  the 
branches  ab  c  .  .  .x  will  be  brought  together  at  a  point  which 
is  only  connected  to  the  rest  of  the  network  by  the  branclies 
so  brought  together.  Under  these  circumstances  one  of  the 
cunents  will  be  deducible  from  the  remaining  n,  and  tliis  is 
contrary  to  supjwsition. 

If,  on  the  other  hand,  the  currents  in  (n  +  1)  branches 
a  b  c  .  .  .  X  are  such  tJiat  one  is  deducible  from  the  rest  whatever 
the  resistances  of  the  remaining  (2«  — 1)  branches  of  the 
network,  similar  reasoning  shows  that  these  («  +  1)  branches 
cannot  be  each  short-circuited  by  diminishing  the  (2w— 1) 
resistances  to  zero. 

The  truth  of  (7)  is  now  established. 

Xow,  by  definition, 

R     -    ^ 

^'  -  A,; 

and  we  may  write  A„t  =  A^^^  since  B,,  =  K,^. 


no  TEE  XEAECBEXEST  OF  SELF-CEDCCTIOS,      nUjXI^ 

N-jw  A  i  -  of  d*er%^  '  i»  -r  1  at'l  A  ,  ■>f  degite  /t.  A.-,  canaot 
-rjr.-i:ij  •'- *■  -jcar^  of  aiiir  rr-ii-t.iLOr- ;  f>r  -Ei-joie  A..,  =  r  A,  t  A* 
nL'rT'-  :  i-  any  bmcc:.  \r";.ie:^  :*  :.r:!':>r  j:  i.or  y.  The  only  eff«t 
o:  :;.akir.g  :  ir.Ki.:*"  ;*  :o  d:::.::i:>r.  ir.-s  liegn^  of  the  network  by 
ttiry,  for  two  i«'jirit-  aiid  li.r^e  rrar.oLe-  are  removed.     We  sLall 

vhfit,  -ill'.-'.-  t:.<-  ijcgree  of  tLe  network  is  now  t  n  —  1 1,  A'  will 
J>*r  of  'legr'-e  ii  an-l  A'.,  of  d^ip-ee  r «  —  1  i.  If  A..,  =  c^  A,  +  ii, 
Hiid  wf  makr:  :  infinite,  tlie  n«-w  value  of  K  ,  will  be  2ero  unle>!  1 
'■ontain*  n  tenti  ;'  A".  It  i:>  ifliVBically  imiiOT^^ible  for  It_.,  to  be 
zi^ro,  for  tiiiiif  ■■I'T-.-iro-motive  fori-t-s  will  then  ]>ro(luce  intinite  cur- 
n-ni-,  anri  if  A  dot-i-  contain  a  tenu  :r  A"  il;e  new  value  of  A  will 
[■le  of  degif  I- 1  ,i  —  \  I,  wherea-  it  mu?t  be  i.-f  degree  «.  ^-ince  x,  y,; 
are  any  tlui-e  branches  of  the  network,  it  follow?  that 

Neitlier  A  ,  nor  A  can  c-oiitain  the  sijuare  of  any  resistance  in 
any  of  it^  jiroduct  tenns    ...         ...         ...         ...        (SI 

Now,  ^iucc  A,,  U  symmetrical  in  x  ami  >/,  it  may  be  written 
Xy  =  {x  +  y)\  +  X  ;/  A,  +  A,. 
But,  frfiiii  ithy>icjil  considerations,  11  ,  must  beixime  intinite  when- 
i-vcr  X  or  y  f)eci>mp.«  so. 

Now  R  ,  =    .    , 

i>nd  A  i-ont:iiiis  no  jHJwer  of  x  or  y  higher  ihan  the  first.     It 
follows  ihiti  A,  ami  A.  are  botli  zero,  and  ihal 

A,,  i.s  iiidej)enilf-nt  of  J!  or //    ...  ...         (fl) 

A, J  iiiusi    involve   every  resistance    :  wliich  is  neither  x  nor  ,'/. 

liecau.-e  ijl]i('rffi>e  wtiuhl   Ix'fOine  intinite   when   r  is   maile 

A,, 

iiiRniif,    A,,  nui^i  lontain  as  n  factor  tlie  expression  which,  wlief 

"i|uated  to  zero,  gives  the  condition  that  the  branches  .r  and   i 

may  he  conjugate. 

V  !{,.       A,. 

^'™  iC  =  a; 

and  is  indnpendeiil  of  x,  from  (il). 
It  also  f.dluw,s  Dial  ^  =  --^, 
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and  is  independent  of  x,  since  A„  does  not  cuntain  a, 

1}  R 

Henc-e  ,^  and  f/-  are  indeijendeiit  of  x  ...       f  10} 

These  iMOperl ies  but  express  the  jihysical  fact  that  if  in  a 
network  of  w>nducti)r8  there  be  a  source  and  sink  uf  electriLity, 
unj  thecuiTent  entering  the  one  and  leaung  the  other  be  knomi, 
tile  amount  of  the  current  in  any  branch  is  perfectly  determined, 
supposing  no  intrinaie  electro-motive  forces  in  the  network. 

Now  R„  =  as  +  R„  =  -^- ; 

whence  K„,  = '^  ~,'"'^"  (H) 

Now  A  —  a;  A^,  is  thf  \alue  of  A  when  a;  is  pul  efjual  to  zero, 
Und  A„  is  the  coefficient  of  x  in  A,  and  K„  is  the  resistance  of 
the  network  between  the  exiiemities  of  .b,  supposing  a;  removed. 

This  is  an  expression    fur  the   resistance   between   any  two 
\ioiDts  of  any  network  whatsoever. 

It  follows  from  (5),  (6),  and  (7)  that  B,,  is  (wrfectly  detei> 
mined  when  the  branches  x  and  y  meet,  at  &  network  junction. 

We  have  therefore  fully  determined 

;i  a  network  functions  of  the  form  R,„ 
6  /I         „  „  ,1  R^ 

The    condition    of    conjagaty    can     be    readily    deduced     from 
Maxwell  (Vol.  1.,  sec.  a82A). 
J^t  A  and  C  be  the  extremities  of  the  branch  z  of  the  network. 

I„     B  and  D         „  „  „  .'/  „ 

„    Kno)  be  the  resistance  of  the  network  between  the  points 
A  and  D. 
„    B,;k;)  ^  t''^  resistance  of  the  network  between  the  points 
D  and  C. 
„    R(iB)  be  the  resistance  of  the   network  between  the  \ioinlR 
G  and  B. 
n    ^(BAi  *>*  ^-^^   i-esistance  of  the  network  between  the  x»oints 
I  B  and  A. 

l*t  .\  B  C  I>  denote  the  potentials  of  the  corresponding 
|K>intB  on  the  network.  My  sup]josition  the  branches  x  and  •/ 
are  not  directly  connectetl.  Join  the  jMjints  A  D  by  a  wire  of 
VOL.  XVI.  26 


I 


I 
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resistance  z  and  containing  an   electro-ntative  force   E,  and  let 
E  be  the  only  electro-motive  force  in  the  network  ; 


A  -  D  R, 


then  "f"=   i-i-R— • 

Bnt  by  3Iaxwe]l — Voi.  I.,  kcc.  281,  etjoation  ( lu) — we  have  in  tIiIi 
case 

A  -  D  _  2_A'^ 
E       ~    zS'* 
where  A'  is  a  determinant  of  the  condactivit ies  of  the  hraachej, 
and  A'o^  one  of  its  minors.     It  follows 


A'  3  +  K,4i, 


R, 


-r   ■Mn 
2  in  our  cnne  is  infinite,  so  that 


2  4'-- 


=  R, 


-^7—   —   n(AD)t 

and  Maxwell's  eqtution  of  conjugacy  dec.  'JS2a)  bec<:>me9 

"(AB)  +  K(BC)  =  ".A»)  +  R  CD;* 
Now,  whenever  this  is  satisfied,  A^.^  must  vanish.      A.-,  mnst 
therefore  contain  as  a  factor 

"(AD)    +    I^iBCj  —   ^aU)   ~   ^^(tli)  ■■•        (!') 

Maxwell's  investigation  shows 

2  !C  w 
'"  ~  Tj jTTJ 1) ij "■       '^^' 

''(An.      +     ^IW.'I   "l\l>>    '*rBf   I 

A           2  a:'/ 
=    Y"=  S ^'"Ul'l'O'^'-- 

-*J-»  ■''(At',  Bl'l 

Now,  if  X  and  y  be  any  two  braiiche.i,  wo  may  wi-ite 

A  =  a:  A,  +  //  A,  +  a;  ^  A,  +  A,  ...      (U) 

where  A„  A^  \,  «nd  A,  are  indeitondent  of  x  and  >/;  whence 

,,  _  a  a;i/  A,„  ,  2  A^,, 

"(u, ui»  —     — ^    "  >  !'n(i  Jt  (Ai. BD;  —  ~i — > 

where  It',  \i..,  nin   '''  '!'•*  value  i)f  K[AC.  uuj  when  x  and  ^  are  each 
infinite  ;  or 

li     -  A  -     _2  A 

A.  being  I  he  coefficient  of  cr  ^  in  A. 

Now  11, r  =         a;  -^  ^ — -f—-  — ,- 

■.oefticient  ot  a;  in  A 

_  jg  A,  +  )/ A.  +  jgyA-  +  Aj 
A,  +  »/  A, 
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Change  y  to  y%  and  let  the  new  value  of  K, 
obtain  "^ 


be  It'j, :  we  easily 


I 


1 


^.-w:^^^'-y) 


A.A. -A.A. 
A  A' 


where  A'  ia  the  value  of  A  when  y'  is  put  for  y. 

»But  from  ( 1 9 )  we  obtain 
-^-  =  J-  +  y'  -  y 

and  from  (9)  we  liave 

A  A' 


R'ly  ' 


4^  = 


R. 


K' 


vr  hence 


A%  =  A,  A.  -  A,  A. 


(I6> 


so  that  A  [josseases  the  (jrojierty  that  whatever  branches  x  and  y 
he  chosen  A,  A,  —  A,  A,  is  a  perfect  arjuare  (see  14),  and  when- 
ever two  branches  are  conjugate  A  breaks  into  factors, 

•  "-"iTi^^sTX.  '''> 

This  Jeienninea  Itj.,  in  all  but  the  sign.  If  it  is  only  necessary 
ro  determine  the  integral  of  the  current  through  one  branch  of 
Ihe  network,  the  network  functions  may  be  considered  positive 
ijuantities  if  the  ixwitive  direction  of  any  branch  be  determined 
according  to  the  definition  already  given.  Otherwise  a  direction 
ill  each  branch  must  be  chosen  arbitrarily  aa  the  pofjitive 
direction,  and  the  resistance  function  R_r,  must  be  defined 
according  to  equation  (13)  or  equation  (15),  where  A  and  B  are 
the  positive  ends  and  C  and  D  the  negative  ends  of  the  two 
branches  respectively.  In  this  case  Maxwell's  investigation  shows 
that  a  positive  electro-motive  force  Ej  in  the  branch  ie  will 
produce  a  current  Ej-/I{_,^  in  the  jTositive  direction  of  the  branch  y. 
With  this  convention  we  can  generaliae  equation  (5) ;  for  if  w  be 
any  branch  of  the  network,  and  if  x,  y,  s  be  any  three  brnncli^ 

Reeting  in  a  point,  we  have 
^  +  o^-   +  ^   =  0         fl8) 


wTiere  the  branches  are  supposed  to  have  their  |)ositive  euiU  ai 
je  point.     If  one  of  the  brancbea  has  its  negative  end  at  the 


S7*  THE  HEASnBEMEHT  OF  SELF-IXDDCTION,      Tlbyll^ 

point  the  sign  of  the  corresponding  network  function  most  be 
changed.  This  equation  but  espreBses  the  fact  that  the  accumu- 
lation of  electricity  at  the  point  is  zero. 

Some  further  Rixations  between  the  Network  Kunctioss. 

In  the  simple  case  of  the  Wheatstone's  bridge  many  relations 

follow  from  Ix>rd   Rayleigh's"  theorem  that   if  the   current  in 

any  arm  8  of  the  bridge  be  C„  and  if  a  +  <r  in  the  value  of  s  for 

which  the  bridge  will  be  balanced,  the  current  through  any  bmnch 

of  the  bridge  will  be  exactly  as  if  tlie  resistance  s  were  increaspil 

to  8  +  tr,  provided  we  introduce  into  the  new  arm  (s  +  o-)  an 

electro-motive  force  C,  a  acting  in  the  direction  of  the  corrent  C,. 

R 
Indeed,  from  tlie  general  fact  that  —^  is  indejwndent  of  c,  it 

follows  that 

Hn  _  ^w  _  K^  _  F^  _  R^  _  K„ 
R'h      R'^      K'rt     ^'tp     K'^     RV' 

where  the  quantities   with   a   dash   denote    the    corresiwnding 

ijuantitie^i  without  a  dntth  after  we  have  substituted  #  +  vfort 

in  them. 

Also,  each  of  the  above  expressions  ia  equal  to  -^7,  since 
A'  =  A  +  <r  B, 

where  Rjj  =  c  "nd  R'u=-ij' 

n  D 

■\Ioreo\er,  for  the  Wheat stonp's  bridge  we  know 
1V  =  /,      HV==c 


pa  _     1     _     <r  1      _ 


'1 

"A  R^        R^  •  RV  ~  K^  '  R'^ 


iiy  the  above-mentioned  tlieorem. 

It  follows  that  A'  breaks  into  factors— n  fact  easily  verified,  an*! 
one  the  statement  of  wliich  is  equivalent  to  Lord  Rayleigb** 
thewem 

A'  =  y.  RV,  R'.„ 

or  p  A'  =  A'„  A',,,. 

'Hie  same  theorem  gives — 

1      _      1  g        _      ^      _;.     <^       1 

K,,  -   iV^   ^   li„  R„  -   H%  -^   R^  R'„'  ^ 

•  "IViei-miniui-jn  otB-A.  Unit,"  pm,  TVutif.,  Part  11.,  1882,  page  677. 
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s;. 


^=    I    +    ^  = 


1  - 


1 


R'. 


Rm        R'» 
And  other  relations  can  be  written  down. 

Tbe  theorem  stated  above  can  be  proved  and  generalised  as 
follows ; — 

Let   8  be  the  resistance  of  any  branch  of  any  network  of 

conductors ;   let  E,  be  the  electro-motive  force,  C,  the   current, 

and   V,  the  difference  of  jiotenlials  of  the    extremities    of  the 

branch  8.     Suppose  that  K,  and  V,  both  tend  to  maintain  the 

florrent  C,.    Then 

flC,  =  V,  +  E,. 

If  we  have  b  second  network  wbicli  differs  from  the  firet  only  in 

the  branch  s  we  shall  have 

a'  C,  =  V,  +  E'., 

where,  by  supposition,  V,  =  V'„  C,  =  C',.     This  i-aii  only  be  the 

case  when 

E',  -  E,  =  (a'  -  a)  C.. 
If  this  relation  holds,  and  if  tiie  reaistancea  and  electro-motive 
forces  of  the  second  network  diflTer  only  in  the  branch  s,  we  shall 

bave 

•  v.  _  V.  =  8'  (C.  -  C). 

If  C,  =  C„  the  currents  in  corresponding  [tarts  of  the  two  net- 
works will  be  the  same,  for  V,  and  C,  being  known  the  curreuta 
in  the  network  outside  s  are  perfectly  determinate,  and  will  be  the 
same  for  the  two  cases  if  V,  and  C,  are  mo. 

\ow  suppose  the  change  to  take  place  in  two  part*. 
^P    First  alter  the  electro-motive  force  E, ;  the  current  changes 
according  to  the  equation 

since  the  change  is  entirely  due  to  the  change  of  the  electro- 
emotive  force  E, ;  and 
P  E".  -  E,  =  R",.  (C'„  -  C), 

since  R",,  =  R„,  by  supposition. 
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Xow  ijuppose  *  be  eliaoged  to  a',  so  that  R'„  is  changed  to  B.'„ 
wbere  B',  —  R"„  =  «'  —  «:  we  have 

(■■•  _  r*    —  V  3u  __  v  —1 


V.y  <\0) ;  or 


I  hat  if,  R''«C".  =  R'„C 

Xow  flopposp  that  E",  —  E,  =  (s'  —  «)  C, : 
H.'-n  E*.-E,  =  fR'„-R''„)a; 

bill  K',  -  E,  =  R'„  (C"„  —  C) ; 

whence  K'„  €'„  =  R'„  C, 

=  R'-0'„ 

(.1-  c,  =  c,. 

nia«,  if  (',  lie  the  current  in  any  limnch  of  any  network  of 
conOiictors,  and  if  the  resistance  s  of  the  hranch  be  increased  to 
s',  tht?  currents  will  be  the  same  in  every  jiart  of  the  network, 
](rovi(ied  an  »<lditional  electro-motive  fort-c  be  inserted  in  the 
brancfi  s  aiding  the  current  and  equal  in  amount  to 

(8'  -  S)  C 

ThiK  is  expressed  analytically  by  the  e<[uation 

J_  _   J_         s'  —  e 

K.,  '   K-.,  +  R„K'„,        '■  ^^ 

X,  ■;/,  s  are  any  tliree  branches  of  the  nefwovk,  any  two  or  aJI 
I  hree  of  whicJi  may  lie  identical. 

KXAMPLEP. 

I'linsiiler  Alaxwell'^i  method  of  deteiininiiig  eajtacity  (Vol.  D., 
M-c.  77G),  Suppose  the  commutator  lie  placed  in  the  arm  s  of 
tlif  bridge.     By  eipiation  (3)  the  formula  in 

IL?  =  2  K  V    fJL] 

Riff  U^vJ  '-- 

whore  V  isthehigltest  potential  to  which  the  condenser  rises.  Xoff 


-[•^■],..=  [a.. 


i«8ro 
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^iince  tbie  is  the  potential  difference  of  the  condenser  wlien  the' 
commntator  doefi  not  revolve.  The  derangement  from  balance  is 
<r  =  e'  —  8,  where  s'  p  =  qr;  whence 


Now 


whence 


^  J. 
A  R', 


V 


1 


A'  _1_ 
A  K'^' 


1  - 


It', 


=  ('-£)^ 


B, 


■IV 


2K 
K'-  K', 


(^  -  rj 


Now 


—  =  4-  f— 1  =     ,^", 


f  ~  it 

2K 

K'. 

Ot'-A 


•Substitute,  iiiid  we  get 


K  = 


(  coefficient  of  a'  in  A' 
"2     '"  A'  ~     ' 


2K'^ 
which  is  Maxwell's  solution. 

By  writing  out  the  value  of  E'„  as  above  defined,  and  remem- 
bering that  A'  breaks  into  factors,  this  fonnula  will  be  found 
identical  with  tluit  given  by  Professor  J.  J.  Thomson. 

Self-induction  of  the  galvanometer  has  no  effect  whether  the 
condenser  gets  fully  charged  or  not.  Professor  Ayrton  has  noticed 
misprint  of  a  for  a  in  Maxwell  (Vol.  II.,  sec.  776). 

As  another  es8mi>le,  take  Ayrton  and  Perry's  method  of 
determining  Keif  and  mutual  induction. 

Integrating  equation  (2),  during  the  time  ( that  the  galvan- 
ometer and  battery  are  on  together  we  have  in  this  case 

K(        1    (KL,      K5U)      _LiEU_^KMj,)       1    EL,. 

While    the     gah'anometer     is     short-circuited    the    ailditional 
ijuantity  which  rushes  through  is 


since  g  is  the   new  value  of  E^.    Thus  the  quantity  Q, 
liassing  through  the  galvanometer  in  each  cycle  is  zero  if 

lit,,  W.D  K(!/  R|* 


+  Q. 


I 


+  h>  „  ■'-i  _ 

3      K 


L.  + 


iie_ 


B,jR» 


M. 
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(T 


since 


^ 


whence  ve  obtain 

This  solution  is  identical  with  that  worked  out  in  AyrtoQ  tXM 
Perry's  paper. 

For  the  method  indicated  by  Kig.  17  we  have,  if  X  be  joine* 
toC, 

O  -^'  _n  _       aUE  L,E     .  L,E  _   M^ 

where  t  is  the  time  in  a  cycle  that  the  galvanometer  and  battery 
are  on  togetlier.     We  get  for  bahince 

For  tiie  method  indicated  in   Fig.  18  we  have,  in  the  case 
when  1"  is  infinite. 

where  /,  is  the  lime  of  charging; 

"'-«■  =  lit  -  ■^>^'- (it -0 

where  (,  is  tlie  time  of  discharging.  The  whole  '{uantily  is 
zero  if 

where,  if  we  imagine  the  condenser  replaced  l>y  a  battery,  the 
projiortion  of  the  current  through  the  galvanometer  to  that 
through  the  battery  will  be  p,  when  tlie  free  end  of  the  battery 
is  connected  with  the  wire  ^i„  and  p,  when  it  is  connected  with  the 
galvanometer,  Xow,  generally,  8  will  be  small  comjwred  witli 
h,  or  with  ly,  wi  ihnt  p^  may  he  neglected  comi«ired  with  p.,  and 
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so  that  K  =  — r-  (, 

where  (  is  the  i)eiioii  of  the  commutator. 

For  the  case  of  Fig.  9,  when  the  resistance  8  is  infinite,  we 
have  for  balance  the  condition 

neglecting  tlie  self-induction  of  the  gah'anometer,  \'  being  the 
^Kttential  difference  to  which  the  condenser  riees,  and,  as  before, 


-h.],..  =  '^[rj,.. 


and,  as  in  Clerk  Masweil's  method,  we  get 

t  =  KR'„; 
in  fact,  the  method  is  essentially  the  same  as  that  of  Maxwell. 
Its  connection  with  ^Inswell's  method  of  determining  self-induc- 
tion (aee  Fig.  7)  is  clearly  i^hown  by  deducing  one  formula  from 
the  other. 

We  have  for  i^elf-induction — 

we  have  for  capacity  — 

Xow  1{„  =  «  -f  E,„  =  8  +  Hj,  using  Maxwell's  notation ; 

also,  l^K  -  (f'  _  ^       R 

—  s  —  R,  „  „ 

whence       ,  —   ,f,  ^-■    -jj-   (K,  +  R.)  =  (  +  ''"  -  ^f- 

Xow  make  8  infinite,  and  we  have 

K,(K.  +  R.)  =  .+L,(1-^J. 

Professor  1).  K  IliniiKS:  I  have  taken  a  very  great  interest gwf«i«n 
in  Professors  Ayrton  and  Perry's  remarkable  pa]>er,  in  which  they 
describe  the  method  and  instrument  employed  by  them  to  resolve 
the  j>roblem  of  the  commercial   measurement  of  the  coefficient 
of  self-induction,  niiil  1  congratulate  those  gentlemen  upon  the 
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ilis-tiiu'l  advance  they  have  made  upon  all  jirevious  methods  for 
tlie  object  they  have  in  vU-w.  They  di-scribe  cli'arly  that  t!ie 
instminent  and  method  are  not  for  the  investigation  of  the 
phenomenon  of  self-induction,  hut  for  the  measurement  of  its 
eoefficient,  and  for  thin  iinqKise  their  method  is  adminib^— 
united.  ^1 

'file  object  of  my  researches  iijion  Rplf-indnction,  which  I  havr 
liublifiheiJ.  was  diflerent,  my  object  being  to  investigate  the 
phenomenon  itself.  ]''or  this  jiurpose  I  fouml  that  tlie  method 
whifh  I  employed  ■vraa  extremely  sensitive,  as  it  allowed  me  to 
perceive  the  firanllest  changes  in  wires  of  but  a  few  inches  in 
length,  and,  hy  .'i  system  of  btilancing  each  effect  seiraralely,  In 
nnnlyse  or  ne^Nirate  the  effects  due  to  the  extra  currents  fro; 
Ilioae  due  to  a  resistance  caused  by  the  electro-magnetic  inertu 

\Ce   now    know    that    the    difference    previously    remarked 
between  iron  and  copper  wn'rea  for  telegraphic  iiurposes  is  entirely 
due  to  self-induct iou,  and  that  where  rapid  ciineuts  are  trau&- 
luitled,  as  in  high-speed  telegraphic  instmmenta  and  the  t 
phone,  the  copjier  wire  allows  a  transmission  of  at  leiist  four  ti 
greater  s]iced,  or  to  a  greater  distance  than  ib  i>ossible  with 
iron  wire  of  cu-cular  section. 

Let   us  observe  the  cause  of  the  apparent  extra  resista: 
fIiowii  hy  a  coil  or  straight  wires  during  the  variable  period, 
Unow  that  there  lu-e  two  extra  currents — tlie  first  on  the  jtas; 
nf  the  primary  current,  m  the  opjmsite  sense  to  this  current,  a 
the  second  on  the  cessntion  of  the  primary.  Jii  a  similar  direction 
to  the  primary.      If  we   reduce   these  currents  to  zei-o  by  an 
opposing  extra  current  of  exactly  similar  force  and  duration  of 
time,  a  sluggish  instrument,  such  as  a  galvanometer,  might  lend 
UB  to  suppose  that  we  had  then  a  perfect  zero ;  but  a  more  rapid 
instnunent,  such  Jia  the  telejihone.  at  once  shows  that  we  cannot 
perfeotly  balance  or  produce  a  zero  by  this  method — there  is  still 
a  large  residual  effect  which  can  only  be  balanced  by  introducing 
.in  extra  resistance  on  the  opposite  side  of  the  bridge.     We  hniM 
thus  not   only  the  electro-motive  force  of  the  extra  currents  W 
l)alniice,  hut    a  resistance   which    can    only  be   bahinced  by  ao 
•■quiMdent  ojumsing  rep!st«nce.     The  ex'rn  resi-lanee  of  a  n^l 


dariiit;  liie  variaWc  iievitxl  can  be  demonstnited  lo  Iv-  liin-  In  ils  Ptufsnw 
<.'lectri> magnetic  iiiertin. 

Experiments  ohow  that  the  form  as  well  as  the  nature  of  tlie 
fonductor  has  an  immense  infloence,  for  we  can  retliii-e  the  aelf- 
iuiiuctioii  of  a  straight  I'ojijier  wire  by  ihnnging  tht-  di-culai'  form 
of  the  wire  inin  tiiat  uf  n  thin  flat  vibbon,  and  iron,  althimgli 
po»!eflsing  an  extremely  higli  magnetic  permeability,  can  be 
reduced  almost  to  thf  low  npecific  inductive  capacity  of  copper 
by  ibe  prevention  of  Ibe  coiiiplete  fonuatiou  of  the  circular 
magnetism  wlJch  L-an  be  now  ( I  em  on  st  rated  to  exist  only  on  the 
^rteiior  surface  of  the  iron  wiie;  thus  thin  Hat  strips  of  iron,  or 
>tnmdeil  wii'es,  have  far  legs  self-in  duct  ion  iIkiii  IUhi  uf  one  of 
solid  circular  section. 

To  prove  thai  the  high  coeflieient  of  t^elf-iu  duct  ion  of  iiii 
iron  viie  is  due  entirely  to  the  foriimtion  of  circular  muguutism 
nn  ite  exterior  surface,  I  compared  wires  of  imu  with  ibone  of  a 
I'ompound  fonnation,  such  iis  an  iron  ivire  coated  willi  an  exterioi* 
c.ialing  of  cojiper,  or  reversing  tbts  Hrrangenient  und  coating  u 
i^)pp<T  wire  with  an  external  coating  of  iron,  and  taking  as  a 
stfindard  of  I'omjfiiriwon  a  purp  copj^ier  wire  of  similar  length  and 
diameter.  1  found  tliat  an  iron  wire  bad,  with  periodic  primary 
currentR  of  23,000  j>er  minute,  fonr  and  a  half  times  greater  Belf- 
induction  than  copper,  or,  taking  copper  as  100,  iron  was  460; 
coating  the  iron  wire  with  copper  at  once  reduced  the  iron  n-ii'e 
to  llo,  or  but  little  higher  than  a  solid  copper  wire— due  entirely 
to  the  comparative  absence  of  the  strong  circidar  magnetism 
which  exists  even  in  solid  wire  lo  a  comparatively  small  depth  on 
the  exterior  of  the  wire.  \ow,  if  this  view  is  correct,  we  should 
liave  alraoi^t  as  strong  an  effect  by  merely  coating  a  copper  wir'- 
with  iron  aa  with  a  colid  iron  wire  itself.  Thin  provett  not  only  to 
be  the  case,  but  we  have  actually  a  higher  degree  of  welf- 
iiiduction  from  a  copper  wire  coated  with  iron  than  fwiui  a  solid 
iron  wire,  or  5.50  for  the  copper  coated  with  iron,  as  comjiared 
with  460  for  the  Bolid  iron  wire. 

To  investigate  the  cnuMe  of  this  eurions  iucrea-je  of  effect,  and 
*U8|M?cting  that  the  cause  was  due  to  n  phenomenon  which  I 
had  ]Meviou»ly  obser\ed  tluring  my  reseaicljes  upon  magnetism — 
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nunel/,  that  magnetic  inenu  ip  reda<;«d  hj  the  |bi^^  at  a 
electric  current  tliroagh  the  iron — I  insalated  tbe  ezterioi 
coating  of  iron  from  tbe  iaterior  ct^per  wire,  emplojiag  for  ihii 
porpcMe  an  inralateal  eo[*per  wiie  in  tbe  interior  of  an  iron  tube 
(tbe  copper  wire  was  in  coDDeclicm  wilJi  tbe  bridge,  whilflt  tbe 
exterior  iron  could  be  joined  in  tbe  same  cireoit  or  insulated  u 
desired);  the  effect  being  that  wben  tbe  exterior  tube  vii 
inmlaled  its  reaction  on  (he  interior  wire  from  its  electro- 
magnetic inertia  wim  far  greater  than  wben  tbe  correnl  inn 
paaatng  tbrougb  it,  tbe  com[ianitive  t*alue  of  tbe  self-induclioo 
of  the  inteiDal  copper  wire  being  720  when  the  tube  wts 
in-siilated,  agHinst  6hj  wben  tbe  current  passed  through  tbe  tube. 

We  can  demoni^rate  by  a  different  method  not  onlv  tbe 
inertia  poeaeirfied  by  the  magnetic  molecules  of  iron,  but  tbe 
influence  of  an  electric  current  in  diminishing  the  inertia  or 
allowing  greater  freedom  to  the  rotation  of  the  magnetic  mole- 
cules in  any  direction  quite  independent  of  the  direction  of  the 
electric  current.  I  have  made  nameroas  experiments  on  tbit 
subject,  and  I  will  cite  one  which  can  be  easily  repealed  by  tbe 
most  !4iiD|>le  means. 

Let  U3  take  a  neutral  bar  of  sofl  iron  of  }  inch,  and  from  30 
to  30  incberi  in  length.  If  we  place  this  bar  horizontally  east  and 
west,  and  observe  by  means  of  a  magnetometer,  there  should  bt 
no  longitudinal  magnetism  due  to  thf-  earth's  influence;  but  if 
we  approach  a  simall  permanent  magnet  to  tbe  distant  end  of  the 
iron,  we  And  at  oqcp  that  tbe  iron  bae  a  certain  degree  of  magnetic 
conductivity.  If  we  now  strike  the  iron  bar,  or  by  any  means 
give  it  mechanicnl  \'ibrations,  the  mechanical  effect  is  to  looses 
tbe  molecules,  and  at  once  a  far  higher  degree  of  magnetic  uoit- 
ductivity  becomes  apparent;  we  find  also  the  same  effect 
taking  away  the  [lermanent  magnet,  for  the  bar  then  ^hows  strong" 
proofs  of  its  retention  of  magnetism,  which,  however,  disap] 
when  tbe  bar  is  struck.  We  find  precisely  similar  re^ult« 
instead  of  mechanical  vibrations  being  given  to  the  iron, 
electric  current  is  jmssed  through  the  bar,  for  it  will  then  shoS 
a  higher  magnetic  conductivity  and  a  less  retention  than  if  Ue 
bar  was  untouched.     That  this  effect  is  due  to  tbe  loosening  oC 
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the  iiiolefules,  and  uot  cine  to  any  iUreutive  teiuieiicj  i)f  the  ProfMior 
current,  may  be  proved  by  sending  the  cun-ent  longitudinally 
through  the  bar  in  either  direction,  or  passing  the  current  trans- 
veraally  through  the  bar,  drawing  the  connecting  wires  along  the 
bar;  the  effect  in  all  cases  being  precisely  similar  to  the  loosening 
effects  given  by  mechanical  vibrations.  Thus  we  have  less  magnetic 
inertia  when  an  electric  current  paases  through  an  iron  wire  than 
we  should  have  if  the  exterior  coating  or  tube  was  .insolated. 
I  have  tried  to  apply  thia  effect  to  the  production  of  electro- 
magnets of  a  higher  magnetic  efficiency  for  rapid  currents  than 
otherwise  possible  by  passing  the  current  through  the  coil  and 
iron  core,  or  by  employing  a  separate  local  battery  of  low  resiat- 
ance  to  pass  only  through  the  core.  I  have  not,  however,  been 
able  to  obtain  more  than  25  to  40  per  cent,  increased  efficiency 
of  the  magnet,  and  it  would  be  of  no  practical  \-alue  except  for 
special  applications, 

In  mentioning  these  researches  I  wish  to  show  that  when  we 
are  investigating  any  phenomenon,  such  as  self-induction,  we 
should  not  confine  ourselves  to  any  ^)articular  method,  choosing 
that  by  preference  which  will  better  demonstrate  or  bring  into 
evidence  the  effects  which  other  methods  might  neglect. 

The  object,  however,  of  Professors  Ayrton  and  Perry,  as  they 
have  well  explained,  is  entirely  different :  they  desire  to  measure 
and  express  in  known  terms  the  coefficient  of  self-induction ; 
and  I  must  congratulate  them  on  their  great  success,  and  assure 
them  that  I  hold  in  the  highest  appreciation  the  masterly  paper 
which  they  have  presented  to  our  Society. 

Professor  S.  P.  Thompsos  :  The  Society  1ms  to  congratulate  PmiMwr 
itself  on  a  really  very  imi>ortant  addition  to  our  practical  know- 
ledge on  the  subject  of  self-induction.  We  have  now  really  the 
means  of  acquainting  ourselves  with  the  actual  working  values  of 
coefficients  of  self-induction ;  and  it  will  be  certainly  our  own 
fault  if  we  do  not  acquire  the  same  kind  of  working  ideas  as 
to  how  much  self-induction  exists  in  different  pieces  of  apparatus 
as  we  now  have  about  their  ]>articular  number  of  ohms,  or,  in  the 
case  of  batteries,  their  particular  number  of  volts.  We  should 
think  our^lves  very  ignorant  if  we  had  a  riynamo  and  did  not 
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know-  httw  many  volts  it  wiis  oapnblo  of  ivovking  M.     1  miii|'OP" 
lliai.  ti.'n  ycni's  heocn  we  shall  be  (ijimlly  nu/fiit  witli  the  cu- 
I'fficientB  of  seif-iiidiiction  of  our  appamtui'.     If  I  iniglit  jxws  onfl 
word  of  crif  ifi«ni,  it  is  a  very  iiiikl  one  ;  it  is  this :  I  should  Uke 
Id  havft  seen  some  nieiitioii  made  of  a  method  of  measuriug  tha 
.■oefHi-ient   of  self-imluclion   devised  by  M.  Joubert,  and  wluoh 
depends  uikhi  the  mpRsiirement  of  the  apparent  redstauce  when 
an  alteniating  oiinent  of  knoivn  period,  and  of  a  reasonably  siuipid 
harmonic  kind  of  variation,  is  passed  tliroiigh  the  coil  whose  self- 
indnclion  is  desired  to  be  mi'nsured.     I  hnve  tried  that  method 
seveml  limes',  one  way  or  another,  to  see  whether  with  ordinitry 
lal>OTnlorv  ;iiii«ira1iis  one   eouhl  get    anything  like  a  reasonable 
n."«ult.     The   only   ditfit-idty  Jirises   in   obtaining   iin  absolntety 
known  i>eriod  to  one's  nltemiiting  current ;  but  that  t-an  be  gob 
over  to  a  certain  extent  by  emplo^nng  as  an  intemiptor  a  tuning- 
fork  worked  elect ro-magiiptieally.     I  have  a  tnning-fork  that  bus 
for  its  ]ipri>>d  i-xaetly  UK)  eomplete  vibrations  in  a  second ;  it  ij  a 
very  convenient  nnniher  for  calculating  reaiiitanceB  of  the  nstut 
kind,  withont  self-indnction.     There  is  a  battery  (A),  and  a  key 
(K),  wliicli  I'jm  be  nsed  r,s  an  ordinary  liattery  key,  but  which  ran 
also  be  used  lo  cliange  llip  circuit  fio  aa  to  switch  in,  in  place  of  ihft 
battery,  the  secondary  wire  of  a  small  induction  coil  (T),  the 
primary  of  which  contains  tin-  intL-n-ujilor  (F),  the  frequency  of 
vibration   of  which  is  known,  imd  a  local  battery  (Ji).     I  fot 
liowever.  that  if  one  merely  introduced  the  fork  into  the  circp 
iiud  ftttenjpted  to  measure  the  resistance  both  when  the  fork 
interrupting  the  current  and  when  it  was  not  allowed  to  interrnf 
one  obtained  contradi<'tory  and  inconsistent  results  for  differ 
-ti-engths  of  current.     This,  however,  I  found  to  be  obviated 
imtting  the   intemiptor  in  the  primary  circuit  of  an  ordinary 
induction  coil  the  "  break "  of  which  was  screwed  up  hard,  am  I 
the  secondary  coil   nsed  in  the  circuit    in   which  one  was  going 
to  measure   the   resistance.     That   is  a  simple   modiflcation  at 
Joidiert's  inethoil,  and  I   believe  it  to  be  n  thoroughly  practical 
method,  capable  of   being  readily  used  in  cotinectioii  with  the 
Wlieatstone  bridge.     Its  arrangement  is  a^  I  have  shown  in  the 
figure.     Irft  one  lum  of  the  bridge  be  constituted  by  the  wire  the 
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coefficient  of  self-induction  of  whicli  is  wanted,  nod  let  us  call  its  Pmiaam 
mlinar;  resistance  E  ;  the  other  arms  of  the  bridge  (S,  I',  and  Q) 
)eing  other  resi^-tances. 


In  the  galvanometer  part  of  the  bridge  a  two-way  key  (K,)  allows 
:he  use  either  of  the  ordinary  galvanometer  or  of  some  apparatus 
adapted  for  detecting  alternating  currents,  such  as  a  Bellati's 
■lectro-dynamometer,  or,  more  simply,  a  telephone  receiver.  The 
bridge  is  first  adjusted  for  ordinary  steady  currents,  using  battery 
B  and  galvanometer;  the  true  olimic  resistance  (E)  being  thus 
measured.  Then,  usiug  the  induction  coil  and  inttuTuptor,  nnd 
the  telephone  receiver,  a  new  balance  is  obtained  for  the  alter- 
nating currents,  giving  an  api»arent  resistance  (R')  greater  than 
the  real  resistance.     In  fact,  we  know  that 

E'  =  ^Z  R'  +  iw'n'  U. 

The  fork  which  I  have  actually  used  as  intermptor  has  exactly 
100  vibrations  per  second ;  but  it  would  be  better  to  employ  a 
fork  baring  159*1  Anbrations.     I  choose  this  number  because 
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when  multixjlied  by  3irit  becomes  exactly  1 ,000,  simx>lifying  the 
calculation  and  giving 

R'^"  =  R'  +  (1,000  LA 
L  =  v/  K"  -  K= 

wliicU  is  an  extremely  convenient  foiumln. 

I  would  also  express  my  great  appreciation  of  the  contribution 
inaile  to  this  dif^cussion  by  Mr.  Sumpner.  The  series  of  diagmtns 
that  accomjianies  his  paper,  and  the  explanation  which  he  haK 
given  of  them,  are  a  [lerfect  revelation  i)f  the  way  in  which  the 
various  methods  of  measuring  these  quantities  dovetail  into  one 
another.  He  lias  generalised  the  Wheatstone  bridge,  and  more 
tlian  that,  because  lie  lias  let  us  see  how  one  forni  is  related  to 
another.  He  has  given  us  a  sort  of  genealogical  tree  of  AMieat- 
atone  bridger:,  T  am  iwuticularly  stnick  with  Fig.  17;  it  seems 
to  me  a  most  rem;irkable  thing  that  we  should  have  all  three 
methods  of  measuring  mutual  induction  resolved  into  one  in  one 
single  figure. 

Profeasoi'  J.  Pkkrv  ;  Perhaps,  Sir,  I  might  be  allowed  to  say 
just  a  word  about  the  method  that  Dr.  Thompson  has  been  siwak- 
ing  of.  I  forget  Joubert's  method,  but  I  think  T  know  what  l< 
meant.  Really,  the  method  depends  on  onr  Imving  with  accuracy 
n  sine  law  of  electro-motive  force  or  potential  difierence  at  two 
points  in  the  cireuit,  with  constant  resistance,  and  when  this  i;; 
the  case  the  current  is  very  easily  expressed.  Now  I  have  gone 
very  carefully  into  this  tjuestion  as  to  how  it  is  iK>ssible  to 
produce  the  simplest  form  of  periodic  variation  of  ixttential 
ilitference  at  two  points  in  a  circuit.  >'ou  may  do  it  by  using  a 
carefully  formed  aliTiiating-current  dynamo.  But  if  yon  have 
a  battery,  how  will  you  do  it  ?  Sujiposc  yoti  have  a  million  i-elU 
of  no  resistance,  yon  may  shunt  them  out  and  in  with  givat 
rapi<lity  by  moving  a  contact-maker  acccnding  (o  a  simple  periodic 
law,  [levlinps ;  but  can  you  do  it  by  varying  resistance  ?  I  know 
ways  of  varying  resistance  according  to  a  simple  periodic  law. 
Well,  I  have  gone  into  this,  and  I  find  that  if  you  varv  the  resi>t- 
ance  of  your  I'ircuit  according  to  the  simplest  periodic  law,  it  doe;! 
not  vary   the  electro-motive    force  or  current  arcordirig   to  the 
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same  periodic  law;  your  current,  will  vary  bya  rather  complicated  ?">"■«" 
periodic  law,  and  lite  complication  becomeB  verj-  great  if  you 
merely  make  and  break  the  circuit.  Now  a.  bit  of  the  method 
Dr.  Thompson  has  exi)lained  comes  in  very  uscfally  to  eliminate 
the  complications  of  the  periodic  law.  It  is  known  that  self- 
induction,  mutual  induction,  or  any  of  these  things,  will   Ratteu 

do\vn  the  ripples — will  eliminate  complications 

Professor  S,  P.  ToompSon  :  Hnrmonic  fly-wheel. 
Professor  J,  Perry:  Will  flatten  down  the  ripples,  and  will 
tend  to  make  a  current  which  is  a  simple  periodic  function  of  time 
of  the  most  complicated  periodic  function  of  the  time ;  and  though 
periiajjs  Dr.  Thompson  may  not  have  thought  the  problem  out,  he 
Was  using  a  large  amoimt  of  mutual  induction  to  create  such  a 
eiinjile  periodic  function  of  the  time  as  would  enable  the  ele- 
mentHry,  the  well-known  simple  hiw  for  alternating  currents  to 
be  used  in  \n»  calculations. 

Mr.  Ahthik  Wriuht:  1  should  like  to  ask  Professor  Ayrt on  Mr- wngw 
whether  the  method  of  measuring  the  current  from  an  alternating 
dynamo  through  a  coil  containing  n  very  high  coefficient  of  self- 
induction  is  not  the  simplest  means  of  getting  the  coefficient  of 
self-indnction,  if  the  alternations  per  minute  of  that  current  are 
known.  The  luethoil  that  I  should  propose  would  be  to  keep  a 
constant  electro-motive  force  between  the  two  terminals  of  the 
coil,  and  measure  what  current  would  pass  through  it.  The  self- 
induction  of  the  coil  can  be  found  by  a  simple  formula.  This 
method,  1  know,  in  case  of  measuring  the  efRcieucy  of  trans- 
formers, forma  a  very  ready  means  of  determining  their  rehitive 
values:  the  smaller  the  current  going  through  the  coil, the  higher 
the  efficiency  of  the  transformer. 

I  should  also  like  to  ask  Professor  Ayrton  how  he  applies  the 
secohmmeter  when  alternating  currents  are  used.  This  is  im- 
portant, considering  that  nearly  all  currents  in  which  self- 
induction  etfeuts  of  any  magnitude  occur  are  alternating.  For 
instance,  the  telephone  current  is  an  alternating  current ;  the 
rapid  Wheatstone  automatic  transmitter  telegraphic  current,  I 
believe,  is  also  an  altemating  current ;  and  the  same  with 
transformers.  The  results  obtained  with  an  intermittent  direct 
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(ind  an  nllerudtiiig  currenl  wmiW  f;reaily  (Hffpr  in  measuring  I 
intluL'tioti  of  a  coil  with  a  tloaeil  mngiiedV  current.   As  inprnciv 
DParly  all  instnunents  of  any  use  li»\e  complete,  or  nearly  so, 
magnetic  circuits,  and  where  self-induction  effects  rise  to 
imiMrtanee  the  currenl    is  altenuiting,  it  seem;'  nearly  useless  ft 
measure  the   self-induction   of  n    (-oil   with   an   open  magnetii 
circuit  and  an  intermittent  direct  cui-rent. 

The  PREsniEST :  I  have  no  douht  that  Professor  Ayrton 
ready  to  reply  to  the  questionn  that  have  been  raised.     I  a 
fxtremely  pleased  to  see  that  members  other  than  ihose  around 
thin   table  join  in  the   discussion    upon    these  subjects,  op 
ipiestions.     In  my  inaugnnil  addre.-s;  I  mentioned  that  I  should 
like  the  general  members  of  the  Socit"ty  to  take  more  advnntaj 
of  the  opportunities  for  iliscufision  than  they  have  done  hithe 
I  will  now  call  upon  Professor  Ayrton  to  reply. 

Professor  W.  E.  Avktos,  in  reply,  said:  The  moflificalion 
M.  Joubeii's  method,  that   Dr.  Tlionipson  has  so  ably  broug 
before  us  this  evening,  contains  it   very  distinct  addition   a 
improvement  if  the  lag  due  to  self-induftion  be  not  found  to  i; 
troduce  complications  in  the  fomiuta.     The  method  still  requires' 
however,  the   use  of  a  delicate  elect  ro-dyuHmometer.      Now,  if 
you    only    possess    a   delicate  elect ro-dvnamorneter,  I   can   tell 
you  of   many  modes  nf  measuring  self-induction;  it  is  bacao^^B 
people   do  not  possess  delicate   elect  ro-dynumo meters  as  a  ru^^ 
that  it  seemed  neuessary  lu   devitie  methods  that   do  not  require 
them.     For  instance,  if  you  jjossess  au  electro-dynamometer,  all 
you  have  got  to  do  is  first  to  obtain  balance  for  steady  eorrenls 
then  to  make  and  break  the  battery  circuit — ^o  not  do  it  eo  fast. 
that,  the  current  caimot  reach  its  steady  value  in  the  bridge  with 
the  battery  circuit  closed,  and  cannot  die  away  when  the  battery 
ciiMuit  is  broken — and  the  deflection  of  the  dynamometer  gi?es 
you  the  coefficient  of  self-indue  I  ion  without  having  any  iuduction 
coil  at   all  for   the  purpose   of  producing  alternating   currents. 
Take  a  tuning-fork,  revolving  commutator,  or  any  mechani: 
which  will  make  and  break  the  current  at  a  known  rate,  and 
a  rate  which  is  not  too  large,  Ihen  tind  the  value  of  the  deSeclion 
uf  the  dynamometer  by  n  method  similar  to  that  employed  by  lu 


I   01      ^ 
ree. 


nts.    I 


1887.] 


1116C118810K. 


389 


with  our  less  sensitive  1886  teat  t'ov  self-induction,  and  without  P""'* 
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our  mechanism  at  all  no  iloubl  yon  oan  get  the  coetlicient  of 
self-induction.  That  ia  iiracticaUy  I  he  very  method  that  Dr. 
Fleming  brought  before  us  last-  lime.  The  galvanometer  that  he 
lirought  beTore  us  wa"  really  an  electro-dj-nainometer — the  galvan- 
ometer with  the  sas|ieudeii  iron  disL"  that,  he  snid  himself,  acted 
for  alternating  currents  by  induced  currents  iu  the  dise ;  antl  what 
was  i^ouliar  about  that  galvannmeter,  aud,  indeed,  what.  makeR  it, 
I  am  afraid,  rather  ho]ieless  for  pnictical  work,  is  thai  its  whole 
action  arises  from  the  fact  that  there  is  a  certain  self-indnction 
in  the  disc ;  it  is  small,  but  there  is  a  very  low  resistance,  ao 
that  there  i-i  a  certain  iDcagunible  time  constant  of  the  suspended 
disc,  and  hence  it  in  that  an  effect  is  obtained. 

Now  I  would  answer  Prafesaor  S.  I'.  Thonijison  bj'  saying 
that  if  I  had  a  very  delicate  electro-dymtmometer  then  I  would 
simply  make  and  break  the  buttery  circuit ;  and  1  would  answer 
Dr,  Heming  by  snying  that  the  use  of  ducli  a  ilmamometer 
would  be  preferable  to  the  use  of  the  soft  trou  disc  galvanometer, 
because  an  elect ro-dynamouieter  has  well-known  laws,  wherea* 
with  the  disc  I  am  afraid  it  would  be  difficult  without  umcli 
experiraeiiting  to  obtain  n-sults  that  ore  useful  fr)r  delermining  ii 
coefficient  of  self-inductiim  in  secohras. 

B  With  reference  to  Mi-,  A.  Wright's  question,  of  course  if  yuu 
are  not  dealing  willi  a  closed  magnetic  circuit,  but  with  an 
ordinary  elect ro-nnignet  which  was  not  closed,  say  a  stmighf 
solenoid  with  a  iiiece  of  iron  in  it,  the  coefficient  cif  self-inductiuii 
for  ordinary  currents  measured  by  the  secohmmeler  is  tlu; 
coefficient  of  self-imhution  which  yuu  would  obtain  when  you 
are  using  allenialing  i-uiTents ;  but  Mr.  Wright  is  jierfectiv 
correct  in  his  suggestion  that  if  you  want  to  measure  the 
coefficient  of  self-inihiction  of  a  ilosed  magnetic  circuit  yon 
inuflt  no  doubt  altermite  the  current.  Some  of  tlie  students  at 
tha  Central  Institution  have  been  measuring  coefficient.-*  of  aelf- 
indDction  of  closed  iron  rings  wound  I'uuud  continuously  with 
wire,  whifh  could  not  be  measured  by  making  and  breaking, 
because  the  magneti.am  would  not  die  away  if  the  current  were 
rely  interrupted.     To  make  thia  measurement   i-erjuiies  that 
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the  -»f.-o!.riim*ter  sbonld  be  different  in  rzAi  one  respect— lint 
in-itead  of  breaking  the  battery  circuit  it  alternKes  the  cniTFiit: 
t!.(-  cuirent  h  altemiii<^l  one  war  with  the  galTanometn 
ojienitive,  the  gaWanoinet*T  i-  then  short-circnited  and  tbe 
c-iurent  alternate*]  back  again,  so  thst  the  second  altenutim 
prcMlace^  no  eflect  on  the  galvanometer;  in  &ct,  the  whole 
'lifTerciicf  i-  that,  instead  of  breaking  the  batteir  circnit,  ve 
alternate  it.  It  means,  therefore,  that  the  oite  commntator, 
which  is  a  make-and-break  in  the  apparatus  before  yon,  is 
replace<l  by  a  reversing  commutator;  the  second  commntator 
remains  exa>.-tly  as  it  is,  and  the  operation  i$  obnotisly  as  I  hare 
ex])Iained :  the  galvanometer  is  operative  for  the  fii^t  reversal,  the 
galvanornetei-  i^  f'hort-circmted  when  the  second  reversal  takej 
ylofrf. 

Mr.  Arthi'R  Wright :  U  there  any  difference  in  the  formula? 

Professor  A'i'BTOX :  Any  material  difference  ?  Xo.  There  irill 
be  the  difference,  of  course,  that  yon  have  double  your  effect ;  that 
i*  all.  You  must  halve  what  you  get  if  you  apply  the  formula 
we  Iiavc  given  for  merely  making  and  breaking  the  batterr 
'iicnit  ;  there  is  no  other  difference. 

In  reply  to  Mr.  Wright's  other  question,  the  method  he 
de-i-ribft.-  can  he  used  to  measure  a  coefficient  of  i-eif-induction, 
liiMvi'lcd  tlijit  the  exact  law  of  variatinn  of  the  E.M.F.  of  the 
liynnmo  with  the  time  be  known.  In  the  Ferranti  machine  it  is 
»  simjile  sin"  function,  but  with  other  [huaiiios  it  is  probably  a 
iiiiire  comi'lii.ated  function,  and  this  would  tend  to  destroy  the 
e^implicity  of  the  method  that  Mr.  Wright  suggests. 

I'rofe^-or  Hughes  has  given  us  an  extremely  interesting 
Jicciiunt  of  his  work  that  charmed  the  whole  world  rather  more 
ihiin  a  year  !igo.  He  has  himself,  I  think,  answered  any  criticism 
thai  h(-  li!i<  Tiiiide  on  the  jHiper  in  saying  that  our  object  was  a 
'iifti-reiit  oiif  ;  inileed,  the  first  paragraiih  of  our  jKiper  would  be 
iin  un-wcr  tn  any  criticism  if  he  had  made  it,  viz.,  that  the  jtaper 
'hjes  n'll  resemblf  his  own  in  bringing  out  any  new  fact.*, 
for  it-i  uini  is  iliffcreiit  —  it  is  to  help  the  practicui  electrician 
"i  obiiiin  a«  clfjir  an  idea  of  self-induction  as  he  has  of  resistance, 
sii  i.liai   the  object   wa.-  quite  different.     But  Professor  Hughes 
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ould  say,  rightly,  that  the  secohmmeter  does  not  measure  allPw*"""l 
at  can  be  measured.   That  is  true.   If  you  refer  to  Clerk  Maxwell, 
you  will  find  in  the  second  edition,  iwge  297,  the  following  formula 
with  an  iufinite  f.eries  : — 


+  &c. 


Now   what   did   Professor   Hughes   do  ?    what    did   we   do  ? 


'rofessor  Hughes  really  tUd  this:   he  said,  "Peoijle  have  goue 

as  far  as  the  term  I  {A  +  i)  t-t,  and  have  neglected  all  the 

a  t 


I 

^■*  terms  that  follow.     I  will   investigate  experimentally  all  the 

^■'remaining  teniis  and  see  whether  they  have  any  practical  value.'" 

^K  do  not  mean  that  Professor  Hughes  actually  used  these  words 

or  reasoned   about  this   [(articular   equation,  but   his  reasoning, 

^_uut  into  mathematical  language,  would  take  the  fonn  I  iiave 

^Pnentioned.     He  found  that  the  neglected  terms  in  this  equation 

liod  a  most  importaut  value  in  certain  cases;  be  has  told  you 

the   results   that   hp   obtained,   and   bis   results    are    ex|iressed 

mathematically  by  the  neglected  terms  in   that  equation.     As 

Ijord  Bayleigh  has  mentioned,  it  was  thought  that  Uie  terms 

after  the  second  were  not  of  much  consequence,  and  that  the 

first    two   terms   represented  practically   the  whole   effect;   but 

Professor  Hughes  has  shown  by  delicate  measurement  that,  so 

far  from  these  terms  being  negligible,  they  were  not,  and  had 

to  be  taken   into  account.     That   was  a  great    advance  to  our 

Icnowledge  at  the  time,  and  I  said  so  in  this  room  as  strongly 

us  I  could.     But  our  object  was  to  find  I  (.4  +  ^),  or  L,  as  it  is 

^^bjortly  called;  we  wanted  to  devise  a  method  for  measuring  L 

^ttasili/  and  accurateli/  in  absolute  uniis,  not  to  find  out  whether 

I  he  other  terms  were  negligible  or  not ;  and  this  is  our  answer  to 
py  criticism  as  to  whether  we  have  investigated  the  whole 
henomena.  No,  we  have  not;  we  have  not  attempted  to;  but, 
nowiug  that  the  equation  £  =  MC  +  L  -j-  was  sufficient  for 

ordinary  work,  we  set  ourselves  to  devise  an  easy  practical  way  of 
■iding  /,  absolutely. 
Ill   reply  to  Professor  Hughes's  tiucstlon  as  to  whether  the 
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BeerjIiiiiiiipliT  gives  the  shiipe  of  the  cun  e  for  the  growth  of  &  cm- 
rent  in  any  [lailiciilar  circuit,  I  would  answer  that  the  secohmtneier 
is  «ypd  to  measure  the  coefficient  of  self-induction  of  anj  cimut; 
hut,  as  Im  known,  the  curve  of  the  growth  of  the  eurreut  can  be 
detprmined  from  the  equation 

as  noon  Hs  we  know  A  and  R,  the  coefficient  of  Mclf-induel  ioii  imil 
the  resistance  of  tlie  circuit.  Hence  indirectly  I  he  aeeohinmeier 
hel])s  as  to  aacertain  the  cune  Profeaaor  Hughes  has  referred  lo. 

It  is  imifossihle  to  espress  my  admiration  too  strongly  of  thi* 
most  masterly  contribution  thai  Mr.  Sumpner  has  added  to  tbe 
original  iia]ier.  When  I  read  our  own  paper  at  the  last  meeting 
yon  mny  remember  that  I  said,  when  1  came  to  a  reference  to  Ws 
name,  that  somehow  or  other  I  did  not  think  the  iianigrn]ili 
ex])ressed  all  I  felt;  well,  now  you  know  it  could  not  have 
eiqiressed  all  I  fell,  bet-auap  no  one  sentence  could  convey  a 
Gatisfactorv  imiiression  of  alt  the  work  that  he  has  done  on 
subject. 

The  additions  thai  he  has  made  are  nf  great  imiiortante. 
will  not  detail!  you  three  minutes  in  summing  them  up, 
told  you — what  the  world  knew,  no  doubt,  because  they  haw 
it. — that  a  eondemsersihunted  by  a  reaintaDce  acted  like  a  negatS 
self-induction.  Mr.  Preece  has  pointed  out,  as  .Mr.  fJumpni 
said,  that  a  condenser  shunted  by  a  resit-tance  was  actually  used 
in  telegraph  circuits  to  baUnce  the  self-induction  of  the  elec 
matjiiets  of  the  receiver;  but  then  -Mr  Sumpuer  naturally 
"  If  liiat  is  the  cai^e,  then  thin  apparatus,  the  Becohmmeter,  supplii 
"  a  means  of  meaKuring  ifl]iacity  absolutely."  Well,  we  have  pin 
one  of  the  latest  forma  of  aecohmmeter  on  the  table,  joined  up  for 
the  absolute  measurement  of  the  cjipadfy  of  this  condenser  iu 
fanidh.  [nstead  nf  having  a  hallislic  galvanometer  the  perio 
time  of  which  has  to  be  known  as  well  aa  the  logarithmic  dec 
raent,  we  have  a  simple  Post  IJffice  galvanometer  with  onlj 
pivotted  needle  and  a  simple  I'ost  Itffice  bridge,  one  resistar 
coil  which  shunts  the  condeuser.  and  a  .-ecolimmeter ;  and  wit 
that  urrangemeul  we   can   get    the   cajiacity  of  this   condei 
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isolutely.     Thiti  very  siiu|jle  liit  of  apparatus  gives  the  i!a]iin.'ity  ^^ 
isolulely  in  fiiraJa,  and  gives  it  by  a  very  simple  formulu, 

No  doubt  there  is  tlie  method  suggested  by  Clerk  Maxwell 
It   determiniug    the   fafiacity   of  a   L-oiidenBer   absulutely.      I( 
■as   employed   by   Mr.   Glazebrook.     The   formula   was   worlietl 
out    by    Dr.    Fleming    iu    hi?    very    comprehensive    paper    un 
Networks,"  and    it     has   been   discuKsed   at   some    length    hy 
'rofessor  J.  J.  Thomson,  »r  Ciiiiibridgc,  in  consequence,  I  vent.uri- 
think,  of  a   mistaken    idea  on  his  piirt   thiit    the  rea.soning 
employed  by  Maxwell  was  not  rigid.     With  that  method  you 
may  conveniently  use  ji  vibnitiug  tuning-fork,  and,  as  cxphiineU 
»y  Mr,  Sumpner,  there  is  no  resistance  shunting  ihe  condenser: 
'ou    simply    have    I  lie    coudeu.-er    iu    one    arm    of    the    bridge, 
id    by    Kome    simple    mechanism    you    charge    the    condenser 
rliile  it  forms  one  arm  of  the  bridge,  and  you  discharge  the 
mdenser   not   thj-ough    I  hi'    bridge  ;    or   you   do    vice  vei'sd: 
'OU   charge   not   througli    the    bridge,    and    you    discharge    it 
ough  the  bridge ;  or,  again,  you   Rimply  alternate  the  con- 
nections   of    the     conden-ei     with    the    bridge,    ai;    originally 
suggested  by  Clerk  Max^vi^ll.     The  method  is  now  well  known, 
and  the  condenser  conuitcled  in  that  way  appears  to  act  us   a 
iple  resistance,  and  con  be  replaced  by  a  resistance.     If  any  of 
lU  refer  to  the  formula  ynu  will  tind  it  a  veiy  long  one,  and — 1 
lay  just  say  this  one  viovA — I  think  it  jjossible  that  it  was  u 
misprint    in    tliat   fomuda    that    led   Professor  J.   J.   Thomson 
conclude    that    Maxwell's    reasoning  was   only  an  approxi- 
lation;    and     in    a    pnyier    communieated    by    Professor    J.    J. 
'homson  to  the  PInloaoplilcul  Transactions  of  the  Royal  Sodety 
kbout  1883,  he  commences  his  examination    of  this  very  same 
lethod  by  stating  that  MaxiveU'a  -i-iaauniiKj  waa  only  approxi- 
iMite.     He  then  enters,  apparently  on  that  account,  into  a  long 
in   of  reasoning,   starting   from  the  dissipat ion  function,  and 
itains  a  formula  which  uo  doubt  is  not  identical  with  Clerk 
ilaxwell's  on  account  of  a  printer's  error,  but  which  is  identical 
ith  Maswell's  when  the  printer's  error  in  Maxwell's  ia  corrected. 
Professor  J.  .T.  Thomson  doe?,  not  say  why  be  regards  Maxwell's 
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•f«wr  a  mode  of  reastoniug  so  much  lunger  Ihan  Ihat  used  by  Max 
has  to  be  reported  lo.  Whether  the  inispriut  that  I  I 
referred   to  is  at  the  bottom  of  it  I  know  not. 


as    it    ma;,    the    secohmmeter    method 


But,  be   IL 
has  at   any  rstc 


great  charm :  it  gives  an  extremely  simple  formula  wliiirb 
be    remembered.     Mr.   -Sumpner   has    told  you  that  when 
secohmmeter    iu    worked     with    the    arrangement    on    the    tab 
there    ia    an    ajiparent     diminiilion     of    resi^tanee.      Well,    ll 
apparent   diminution  of  re:^istanoe,  divided   by   the   product 
reading  on  the  secohmmeter,  multiplied  by  the  s(]aare  of 
resiiitance  shunted  by  the  condenser,  gives  the  t-apacily  in 
it  is  the  ainmrent  diminution  in  olims  divided  by  the  jtrodact 
the  reading  on  the  secohmmeter  into  the  square  of  the  resistanug 
shunted  in  the  condenser.     That  is  liimple  enough,  I  am  sure. 

Then  the  nest  point  that  Mr.  Sumpner  brought  out  wasi 
improvement  on  ail  Clerk  Maswelt's  methods  of  com^>aring 
measuring  self-induction,  mutual  induction,  and  so  on ;  and  ha 
pointed  out  that  it  was  a  mistake  altogether  of  Maxwell's  attem[ 
ing  to  get  the  zero  method.  Maxwell  no  doubt  was  imbued  wit 
the  idea  that  a  zero  method  must  be  better  than  any  other,  ther 
fore  he  said, "  Let  ub  develop  zero  methods ; "  but  when  you  try  i 
make  Maxwell's  tests,  it  takes  a  very  long  time  t«  make  them,  in 
consequence  of  the  double  adjustment  necessary  lo  obtain  baJand 
for  a  steady  and  for  a  growing  current.  Further,  as  Mr.  Suinpne 
ban  pointed  out  in  the  particular  ease,  which  was  not  a  selected 
case,  the  zero  method  was  the  least  sensitive  of  all  the  arrange- 
ments that  he  adopted,  so  that  nothing  was  gained  in  seusibility. 
The  only  thing  gained  by  using  Maxwell's  method  was  that 
formed  a  pleasant  way  of  spending  an  afternoon.  Tlien  the  ne 
IHjint  of  importance  that  has  been  developed  since  a  fortnight 
is  iliat  it  is  not  necessary  to  measure  what  may  be  called, 
momeut,  the  static  resistance  of  the  coil  accunddy  at  all,  for ; 
you  want  to  measure  the  coefficient  of  aelf-induction  of 
secohmmeter  all  you  need  do  is  to  get  a  very  rough  approxii 
tion  to  the  re^^iiitance ;  the  spot  of  light  is  somewhere  on  tl 
scale,  and  you  do  not  worry  yourself  about  the  zero  as  long  as  th 
light  ie  on  the  scale.     Then,  to  get  a  balance  when  the  secohB 
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elev  i?  rotnting,  you  do  not  work  eitber  to  tlie  true  ieto  or  the  Proreuot 
zero  tliat  was  used  when  working  witli  the  Wliewtstone  bridge, 
but  to  a  mean  [WBition  which  depends  upon  the  cooBtruction  of 
the  fommutiitor.  Mr,  Sumimer  did  not  mention  that  it  is  not 
absolutely  necessary  to  even  Hpprosiinately  measure  the  resistance 
of  a  coil  before  using  the  secohm meter,  since,  as  proved  in  nn 
addition  to  our  paper,  the  coefficient  of  aelf-iuclui-tion  can  be 
accnrately  determined  from  two  ohsenations  made  at  two  different 

eeds  with  the  secohmmeler  without  one's  having  any  idea  of 

e  true  reaistance  of  the  coil  the  loefficient  of  self-induction  of 
which  we  wi^h  to  determine. 

The  next  addition  that  Mr.  Sumpner  has  made  is  that  the 
secohmmeter  can  be  used  for  all  zero  methodn  where  we  have  to 
deal  with  intermittent  currents;  thai  is,  all  zero  methods  that 
have  been  devised,  however  perfect  they  may  be,  for  measuiing 
or  comjiaring  capacity,  or  self-induction,  or  mutual  induction,  can 
made  infinitely  more  sensitive  by  merely  using  thi^  apjuiratus. 

,e  analogy  that  he  gave  you  was  a  pretty  one;  it  was  this — 
that  in  ordintu-y  measurements  of  a  resistance  you  use,  of  course, 
steady  currents,  and  the  effect  is  produced  hy  the  electricity 
flowing  for  a  long  time.  In  the  ordinary  zero  methods  for 
measuring  any  of  these  three  things — eapacity,  self-induction,  and 
mat.nal  induction — you  can  only  get  an  instantaneous  effect, 
because  the  effect  is  only  produced  on  putting  down  or  taking  up 
the  key.  In  fact,  all  the  methods  published  for  measuring  self- 
induction,  mutual  induction,  capacity,  and  so  on,  are  analogous 
with  the  first  rough  approsimation  we  make  in  measuring  resist- 
ance :  when  we  measure  resistance  by  a  bridge  and  have  no  idea 
of  the  value  of  the  resistance  we  just  tap  the  key — we  know  that 
it  is  unsensitive,  and  do  not  want  it  to  be  otherwise ;  and  the 
ordinary  measurements  of  self-induction  are  as  unsensitive.  Now 
this  apparatus  makes  any  of  these  zero  methods  as  sensitive  for 
the  measurements  of  self-induction,  mutual  induction,  or  capacity 
as  the  ordinary  steady  currents  are  for  the  measurement  of 
resistance. 

I  should  like  to  have  gone  into  the  detail  of  the  last  experi- 
ment Mr.  Snmpner  referred  to,  but  I  will  not  do  so  at  this  late 


I^?***"  i.ytir.  Hii'i  :o  Li-.e  -i->kru  cf  m  in->imel  iu-tniuieDU  not  la 
ilii."  iiir»-ct  m^fur-inriii  of  Mrlf-iniiuciioii  »i  all.  but  lo  !«  wtA 
iu  eonne'.'i'jii  wirii 'L'.-  ii.-rt'iiOil  ilnii  >Ij.  Smnj-ner  lias  described. 
Til*;  inriruui'^iit  i-  a  luixIiScEttiou  oi'  what  »e  desciibe^l  »ine 
vewa  ag'i  M?  our  ■•••■i-uji  voltmeter" — a  »l>riDg  voltmeter  witli 
a  aet  to  it.  All  amniett-r  witb  tLat  ilevii-t-  vuables  vod  Ut 
iiiaauT-  ai.-(.-tirM*«-h'  i!ic  ratio  whi^-b  i?  n.-f)uirvd  in  the  luethod, 
viz.,  lli»-  rati'j  of  Miiall  cbauge  of  L-tirrent  to  the  total  coireiit. 
Tuere  iiiav  be.  f<>r  i^xamiilT-.  liu  -.t  3ti  Mmpi-ri:-»  going  tbroogh 
yuur  liyanunt  in  i^ne  <-a.*o.  or  in  auottier  it  may  be  a  very 
small  ctirreiit ;  but  in  eiK-b  «i.-e  it  U  ne^vsBanr  to  iK-cuntely 
m»?a>uri'  a  *mall  oJiange  of  current  in  onler  t-i  a^-ertain  the 
tiiftfii-i'-iit  of  ^elf-iiidurtiuu.  Well,  tbi$  is  June  tiiaai — WTiai 
ili«  amiiietfr  needle  i*  at  zero  it  may  ineau  5  amiieres,  10 
a]ti)iere--,  or  15  amjiere-:  tbe  s^piiiig  Itself  is  a  verj-  weak  Rpiiug, 
»>  tbat  tlif  nepilb-  ileflei-ts  rigbt  acrhis  tbe  ^ide  for  tbe  addition 
)Mfrba{i:i  of  iialf  an  amjiere;  you  turn  a  milled  head  rouud  to  the 
mark  wbicb  lueaiiii  10  or  1^,  as  tbe  oa?*'  may  be,  and  you  know 
tlicn  that  wiien  the  needle  begiois  to  start  it  lueaiis,  nut  a  cuirent 
niitigbt,biit  IIJ  <ir  I'l  ami>en-s  going  through  the  ,iiume(«>r;andi& 
(;ai-h  case  the  addition  of  a  i|uartt'r  of  an  ampirn- will  detleot  the 
]Biiuter  riglii  inioR>  tin-  scale.  In  Jiiel,  rtiuh  an  iustiiuiient  i£  a 
i.Dinbin.itioii  of  azi-ro  iii.-tniiiiint,  liki-  a .'^ii-iiieii>' or t'uiiyngliaiue's 
ilynaiiiiiiuetiT.  :in<l  a  direct-reading  instrument,  like  our  oiiliunn' 
ammeter-.  The  re^iult  iif  the  meaMirements  .Mr.  ^^uln|lner  iimde 
was  esli-cini-ly  |irelty;  1  dn  not  know  whetiier  thu  members  all 
grasjied  iT  :  it  was  that  wlieii  a  eurvf  wa>  drjiwn  having  for  its 
ah-rissh>  ihe  various  currents  that  were  >eul  round  the  Held 
iiiagnels  I'i"  the  I-'orranti  dynamo,  ami  for  itsf  milinates  the  coni-- 
s)iondiiig  valiii->  of  the  self-iuduetiou  obtained  ex  peri  menially. 
Ihi-if  wii-  "liM-rved  to  be  :i  close  agreement  ln'tween  tlie  values 
III'  tbe  or<liiiiite>  and  llie  ilifl'erential  eoeffieient  of  tbe  nnigiietisi- 
lioii  willi  resjiecl  to  tbe  cunvut.  The  oiiliuates  of  the  >elf- 
iiidiK'lJon  I'lnve  were  small  for  small  values  of  the  current  corre- 
>|i(tniliug  wilh  the  Hat  i>iirl  of  the  curve  of  magnetisation,  theii 
the  seir-imliKiion  curve  row  to  a  maximum  corre,«iioiiding  with 
l!ie    >l.-i'i)    |Kiit    of    till'    magnet isaf ion    curve,   and,    iiuidly.  it 
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iproRi-lieil    til'-   jiii:.  iif   current    coiTespondiiig   witii    the    Hut  rTotwwt 
pert  of  the  iiittf^iifli;4ntioQ  curve  when  the  lit>ld  mugnpt:'   wt-rti 
^^kturated. 

^^     There  is  out*  jwinl  tliat  perhajw  I  mny  lUluilc  tu.     Siui-e  oiu- 
last    meetiDg    I    liiivp    been    attacked,    mildly    it    is    true,    for 
saying  two  things;  and   [  am  wry  glad  that  I  iiiive  had  the  two 
^^ttacks,  becjiiise  they  bidiiuni  unt-  another.     One  attack  that  I 
^|nve  had  made  a^ion  me  waa  becuuee  I  have  defined  the  atandajxl 
commercial  current,  the  standiiul  smpdre,  as  being  the  oarrenl 
which  precipitates  1  ■  1 1 8 1 5  iniiligninimes  of  silver  per  second  in  m 
^^ertain  standard  nilver  nitrate  solution  ;  it  has  been  sitid  that  that 
^^B  not  accurate  enough.     Who  wa-i  it  obtained  by  I'      It  U  tlie 
mejin  of  the  rentills  obtalneil   by  Ijord  Rayleigh  and  F.  and  II. 
Kobkausch  for  the  eli*ctro-cheinicnl  eijuiv;denl  of  silver,  and  thr 
^^Hiean  diffHri^  but  little  From  the  result  obtained  by  either.     The 
^Bl)jectDr  says  that  the  practical  standard  of  current  is  the  attrac- 
tion of  coils.     Now  I  siiy  it  is  not.     The  reason  why  I  mention 
this  is  because  I  iini  coming  to  objection  number  two — about  the 

unit  of  self-induction — iu    ii  moment,      I   say  that  the  practicul 

^■andard  of  current  is  not  the  attrat'tion  of  one  coil  u|»on  another; 
and  it  would  lie  most  ditHcult  to  determine  whet  her  an  instrument 
was  grndufited  eoiTectly    iu   amperes    or  not    by  romparing  iis 
readings  with  the  attraction  of  two  coils  of  known  ihuiension^, 
^H^esH  you  were  a  l^urd  Hayleigh,  with  the  resources  of  a  (.'avendi^h 
^Ttboratory.    11'  you  he  a  practical  inim,  you  will  put.  yom'  iu:»lnuueiit 
^jn  series  with  a  silver  voltameter  and  use  the  electro-chemical 
^Hquivalent  of  silver  that  I  have  referred  to  for  Hie  purpose  of 
^Beciding  on  the  ueeumcy  or  inacoumcy  of  some  particular  cun-ent 
^ineter.     For,  as   Kohli-nusch  has  pointed  out,  a  tnnyent  galvau- 
._OMieter  can  he  far  more  acuumtely  i-alibrated  ab-iolulely  by  com- 
PPpBring  its  readings  with  the  amount  of  chemical  action  produced 
iu  a  given  lime  in  a  voltameter  than   by  trying  to  accurately 
deteiTuine  tlic  dimensions  of  the  galvanometer  and  (he  alisohite 
strenglli  of  the  controlling  iLiagnetic  field, 
^B     For  the  ordinary  testing  of  ammeten>  you  may  use  an  electro- 
dynamometer  as  your  ^-luudard  inslnunenl.  bec.iuse.  having  no 
w^OB,  there  i»  no  residuiil  mugneli^m  ;    but.  with  llwit   .-leiilro- 
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dynamometer  yon  (]o  not  attempt  to  calculsle  the  attnction  i>( 
one  coil  on  another  and  so  determine  the  abeolote  value  of  the 
current;  what  yon  do  is  to  put  it  in  aeries  with  u  silver  v-olta- 
meter  and  find  the  absolute  xiilues  of  the  rpadings  of  the  electro- 
dynamometer  by  direct  compariaon. 

Therefore  I  believe  that  we  may  correi-tly  define  the  current 
that  deposits  1'11815  milligrammes  of  silver  in  a  silver  uitrate 
solution  containing  from  15  to  30  per  cent  of  the  bait  as  tbt- 
praclicnl  ampere.  The  objection,  however,  msed  to  that  defini- 
tion was  that  it  was  not  accurate  enough.  Well,  |)erhaiis  the 
nuiiibei'  is  wrong  by  1  in  lO.tKK). 

Take  the  other  side  of  the  question — thai  is,  that  we  do  not 
like  to  use  the  word  "  quadrant  "  for  the  unit  of  :ieif-iii  duct  ion. 
Why  J*  Because  I  say  that  an  earth's  quadrant  through  I'aris  h 
not  the  commercial  unit  of  self-induction.  In  this  case  it  is  said 
that  I  am  too  particular ;  but  is  that  the  ease?  The  m^tre,  &« 
you  know,  is  intended  to  be  one  ten-millionth  part  of  the  earthV 
quadrant  through  Paris :  it  is  not  quite  so,  and  if  il  be  so  defined 
there  is  a  distinct  error  made  in  principle,  but  only  a  very  small 
one  in  actual  practice;  so  that  for  practical  purposes  it  does  very 
much  matter  whether  you  say  that  it  is  the  one  ten-millionth  jaii 
of  the  earth's  quadrant  through  Parii;,  or  whether  you  say  it  is  the 
length  of  a  certain  platinum  iridium  bar — the  mitre  protoI\q>e. 
Nevertheless,  if  any  dispute  ever  arose  about  the  accuiacy  of  the 
length  of  any  special  m^lre  measure,  it  would  be  the  m^tre 
prototype  that  would  be  referred  to,  nol  the  earth's  quadrant. 

But  now  with  reference  to  the  nhm  the  case  is  difTereot. 
The  difference  between  the  true  ohm  and  the  legal  ohm  if  2*3  in 
S  thousand,  which  can  be  easily  detecteil  with  an  ordinary  Wheat- 
stone's  bridge.  To  say,  therefore,  that  a  true  ohm  was  a  legal 
ohm,  would  not  only  be  an  error  in  principle,  bul  would  lend  to 
a  serious  error  in  practice ;  and  if  you  ordered  a  box  of  legal  ohms, 
and  the  maker,  with  a  mistaken  idea  about  accuracy,  sen!  yon  u 
box  of  true  ohms,  made  with  great  accuracy,  you  would  iinve  ti 
right  to  reject  thejn  as  not  being  what  you  had  ordered.  W<' 
know  that  the  legal  ohm  is  not  10*  centimetres  per  second,  or 
practically  one  earth's  quadiant  jwr  second,  which  in  tlie  true 
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ohm.      Therefore  the  earth's  (luadrant  is  not  strictly  tlie  (.■oin- Proft. ., 

Ajiton.] 

merdiit  unit  of  self-induction.  The  commercial  iinll  is 
99,777  X  10',  and  not  10"  centimetres  [rer  second.  There  Li  a 
difference  between  the  two  far  greater  than  any  [WBiiible  dif- 
ference that  can  he  found  between  the  true  amji^re  and  Lord 
Raylejgh's  ampere,  T  am  certain;  and  therefore  it,  s^eems  absurd 
iLat  on  the  one  hand  |)eoiiie  should  object  to  one's  defining  the 
commercial  ampere  as  Lord  Rayleigh's  ampere,  and  on  the  other 
hand  that  they  should  say  one  is  too  nice  when  one  makes  a 
difference  between  Ihe  earth's  quadrant  and  the  commercial  uiiil 
of  self-induction,  because  that  is  exactly  the  same  eri'oras  would 
be  made  if  you  were  to  coufiise  the  legal  ohm  and  the  true  ohm. 
Therefore  ray  colleague  and  I  do  not  take  the  earth's  fpiadrant. 
through  Paris  as  the  commercial  standard  of  self-indnctioii.  The 
99,777  X  10'  centimetres  is,  fortunately  or  unfortunntely,  the 
commercial  unit.  There  is  no  doubt,  I  think,  about  that ;  what 
yoa  like  to  call  it  is  a  totally  different  question.  Wietber  yon 
like  to  adopt  our  i-uggestion  and  call  the  unit  a  "secolim,"  is  a 
different  question;  but  you  cannot  say  that  the  commercial  unit 
is  the  tme  unit,  because  if  you  do  you  will  confust  the  legal 
ohm  with  the  true  ohm. 

The  PRKteiiiENT :  Professor  Forbes  has  kindly  placed  on  the  tii» 
table  for  inspection  some  specimens  of  electric  welding — Pro- 
fessor Elihu  Thomson's  process.  You  will  all  have  read  of  the 
application  of  strong  currents  of  electricity  for  welding  purposes, 
and  will  no  doubt,  take  an  interest  in  an  e.^ainination  of  these 
specimens. 

A  ballot  took  place,  at  which  the  following  were  elected  : — 

Memb&i-: 
Aleionder  St.  Clair  Taylor. 

Associates : 
John  Brown,  jun.  Alfred  Hay. 

William  Fowler.  Howard  Swan. 

Stiidente : 
John  Etlward  Jlellor.  |  Alfred  Sykea. 

The  meeting  then  adjourned  till  May  26th,  1897. 
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T'lP  Od'-  llr.ndred  and  Sixty-eighth  i  >i-diiiar\'  General  Meeting  of 
tht-  S.x-iety  wa?  held  at  the  Institution  of  l.'ixTl  Enginoen, 
2.^.  frreat  George  Street,  Wejit minster,  on  Thursday,  May 
26' h,  1887 — Dr.  .loiix  IInraiNSON,  F.K.S.,  >'ice-Pre!'ident,  in 
th<-  niair. 

The  t'hainnau  stated  that  hi  consdiuenie  of  a  i>liglit  accident 
to  the  President,  .Sir  Charles  T.  Bright,  lie  had  been  requested  to 
occupy  tilt-  chair. 

The  niiDute;j  of  the  prenous  meeting  weiv  I'eai)  and  aj^roved. 

Tlie  names  of  new  candidates  were  annoiuiceil,  «nd  tliis  bei&g 
I  he  last  meeting  before  the  i-eces^,  it  was  agree<l.  upon  the 
motion  of  the  Chairman,  that,  following  the  pi-eoe«leut  of  fonner 
voni'!',  the  cjmdidates  shuulil  be  balloted  for  that  evening. 

Tiie  following  tmnsfer  was  aimotincitl  n<  hH\'ing  been  approved 
Irt- 1  lie  Council,  viz.: — 

KiMiu  the  class  of  students  to  that  of  As-ot-iates  — 
T.  <;.  Ladds. 

Uuiiiiiions  to  the  J^ilmiiy  of  the  Soiieiy  wi-re  announced  as 
liavinff  bren  n-ceivi'd  since  thf  last  meeting  fivm  Professor  W.  E. 
Aviton,  K.H.S.,  V.P.,  and  from  Mc>ms.  Macniilhin  Oi  Co.,  to 
» liDin  1  ln'  tlianks  of  the  meeting  wiTi-  nnanimously  voted. 

Tin-  SKriiKTAHY  then  r«id  the  fiiU<iwintr  ]iiiper.- — 

INDKlKiKOlXn   TKI,K(fKAl>HS. 

Hy  Cn.vui.h>  Tno-MAS   t'LKKi*«i'i>i>,  Membfr. 

Ill  IK".)  1  liad  the  hommr  of  subniittiiiji  to  ilii>  Society  n 
|ia]ier  on  tile  underground  system  'if  telegntph  wiiv>  in  the  streets 
iif  l,<imloTi.  The  interesting  discussion  tiutt  followed  the  reading 
«(  that  paper,  showing  the  importiince  at lacned  to  the  subject  at 
tliiit  period,  ancl  the  faft  that  at  the  present  time  many  minds  are 
earne-ily  en^^;lg(Hl  upon  the  siilijeet  of  the  Ivsi  metluxl  of  con- 
slriu-thif;   line-;  (if  underground   tele^ttijili  iinil  telephone  wires, 
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consequent  njion  tlif  wholeaale  destruction  of  the  0\ei'heBtl  wires 
by  ihi'  sii'iwstorm  of  last  lleei^niber,  have  led  me  to  think  that  a 
fitting  o]i[ II >rt unity  has  arrived  for  ngnin  offering  a  few  facts  refer- 
ring to  the  Uistory  of  i^ubterraneaii  wires,  eajjeeittUy  in  the  metro- 
politan district. 

In  the  inaugiiml  nddrt-ss  of  our  President  (Sii-  I'liailes  Kright) 
ivf  were  reminded  that  this  yeiir  (1887)  is  not  only  thi*  Jubilee  of 
our  Most  (rracioiis  Soven^ign  Lmlj  l^ueen  Viftoriu's  reigu,  bat 
also  tliat  of  the  year  in  which  the  great  benefit  of  pi-actical  tele- 
graphy was  eonferred  nj'on  thin  irountiy  aud  the  entire  world. 
While  this  is  strictly  true,  I  find  it  will  be  necfrsaiy  to  go  hack 
tweoty-one  years  prior  to  that  date — that  is,  to  the  year  1816— if 
we  are  to  give  credit  lo  whom  it  is  due  in  ronneetion  with  buried 
eonductorr'  for  thp  transmission  of  eluctricity. 

It  wati  in  that  year  that  our  htte  bencfactoi'  .'Mr.  ( aflerwai-ds  8ir 
Francis)  Honalds  laid  Ms  first  esjierimental  line  underground  in 
liis  ganlen  at  Hammersmith,  and  convinced  himself  at  le-ast  of  (he 
pnicticabilily  of  estahlishing  tclegra]p!iic  communication  by  means 
of  insulated  wires  placed  Wueath  the  eartli's  surface.  A  small 
book  published  by  him  in  1823,  entitled,  "  Description  of  an 
"  Electric  Telegraph  and  of  some  other  Klectriea!  Ap^wnit us,'' gives 
n  full  account  of  tlie  experiments  nfi-rred  to.  A  trough  of  wood 
about  two  inches  square,  well  lined  ineide  and  out  with  pitch,  was 
placed  in  a  trench  525  feet  long  and  4  feet  deep ;  lengths  of 
stout  glass  tube  were  joined  t;Ogcf.her  by  means  of  slinrter  lengths 
of  gimilar  tube  of  somewhat  greater  diameter,  the  joints  being 
made  with  soft  wax  to  allow  for  exjiansioa  and  contraction  caused 
by  the  variation  of  tem]ierature.  A  copi)er  wire  was  dmwn  througji 
the  glass  lube,  and  iln'  lube  was  embeddeil  in  |iitfh,  the  covering 
being  screwed  down  while  the  pitcli  wa;'  hot.  Here  we  have  the 
germ  of  all  ('iitnre  nnder^ound  systems  of  telegraph,  telephone, 
or  electric  light  wires. 

!t  lias  been  said  that  Sir  Krancis  Konalds  lived  thirty  yeara 
Iwforo  luK  time;  I  am  inclined  to  think  he  was  fully  fifty  years 
before  hin  contemiwniries,  for  he  suggested  nearly  everything 
that  we  do  at  the  pi-eseut  time  as  regnrtla  imderground  lines — so 
much  so,  that  it  miglil  be  Ihoughl  we  are  engaged  in  carrying 
«ut  liis^Ja/Js 
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lie  auggested  that  wires  slioulfl  be  buried  in  iron  troughs  in 
trendies  six  feet  dee^i  in  tlie  mitidle  of  the  high  roads,  and  if 
th^rp  was  any  fenr  of  the  commuoiL-ation  being  interfered  with 
by  any  misfhievoua  person  or  persons,  two  different  routes  sliotilil 
be  cbotJPii.  Testing  stations  should  be  established  along  the 
route,  and  linemen  stationed  at  these  jioints  ready  to  (start  out 
after  faults  at  any  moment,  should  there  be  a  necessity  for  so 
doing.  He  recommended  that  offices  should  be  opened  all  over 
the  country,  and  evidently  foresaw  the  immense  advantages  that 
would  be  derived  by  the  Government  as  well  as  by  the  com- 
mercial world  in  the  employment  of  what  he  considered  bo 
"diligent  a  courier"  as  electricity.  He  richly  deser\ed  the 
honour  that  was  conferred  iijion  him  by  Her  Majesty  the  Queen 
not  long  before  his  death  at  the  age  of  85  years.  By  the  kind- 
ness of  one  of  our  Past-Presidents,  Mr.  Latimer  Clark,  a  portion 
of  the  line  laid  at  Hammersmith  in  1816  is  now  upon  the  table 


Fca.  1. 

Alessrti.  Cooke  and  Wheatstone  took  out  their  first  patent  in 
1837  for  "  Improvements  in  giving  signals  and  sounding  alarams 
"in  distant  places  by  means  of  electric  currents  transmitted 
"  through  metallic  circuits."  In  this  patent  they  included  a  plan 
for  laying  down  subterranean  wires,  and  in  the  same  je»r 
established  communication  between  Euston  Squai-e  Station  and 
C'nmden  To\sm  by  means  of  tive  copper  wires  let.  into  five  groov« 
cut  longitudinally  in  a  piece  of  timber,  the  wires  being  covered 
with  cotton  and  jisissed  through  a  preparation  of  resin,  and  after 
being  placed  in  the  grooves,  tongues  of  wood  were  placed  over 
thi-ni  lu  make  all  t^ecurc,  and  the  whole  was  then  covered  wilt 
jfltcli  and  buried  in  the  earth  up  what  is  known  by  the  railwej 
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len   Rs  "the   incline"   between   llie  abov&-imme(l   jioints.      A 
Bjiecimen  ( Fig,  2)  of  this  line  is  here  on  the  table,  imd  can  be 

eitamineil.  SiirpL-iae  may  be  esjiresi^ed  that  the  inventors  E^hould 
have  eipecteil  it  to  maintain  its  insuhition,  yet  have  we  not  sepn 
wltempls  being   made  during   the   last    few   years   to  construct 

Iectric  light  lineB  ujion  the  same  ijrinciple  ? 
Tlie  second  patent    taken  out    by    these  jjioneers  included 
acing  wires  made  up  into  cables  in   iron  I'ipiiifj ;  this  was  in 
1838.      During  the  Follovring  year  a  line  of  five  wire:*  in  an  iron 
tube  was  put.  down  on  the  Great  Western  Riiilway  from   Pad- 

Engton  to  West  Umyton.  and  afterwards  on  to  Slough. 
Conductors  covered  with  cotton  und  passed  through  different 
tutions  were  tried  in  a  variety  of  ways,  some  being  suspended, 
and   others   buried    in   pipes,  but   very   great   difticulties   were 
^Ceipeinenoetl  in  preserving  the  dielectrics;  weak  places  being  tmced 
^ftrould  be  repaired  with   india-rubber  tape  anil  a  solution  of  the 
Pnuue   material.     This   kind   of  work  was  being  done  near  the 
Stepney  Station  on   the  Bhtckwall  Itailwny  wlien  Mr.  Hatcher — 
then  engineer  to  the  Klectric  Teli-gi-aph  Conipiuiy — introduced  to 
the   linemiiu  a   piece   nf  lead    Inbing   containing   r-eveml   wires 
covered  as  abiive  (Fig.  3), 
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Niae  Eln*  to  Gospon ;  thi*  *■•  bvim  iW 
SmUi  Votem  BuIvst  vm  eileaded  fcam  Xnr 
ElnM  to  WMcrtoo  Hatkn.  Tlie  Electric  Tdcgi^  Caapn; 
opened  thar  firet  office  at  ^a,  ^^nnd,  and  decided  to  bj  tb* 
wire'  andergnmiad  from  that  point  to  Nine  E1h9  StatMS.  Tb» 
route  eelected  wa«  om  Waterloo  Bridge,  dtwn  Waterloo  Koad, 
Ummgfa  OaUer  fkT«et,  Keanit^on  Road,  Keiuungtoo  IjLot, 
tad  tfaoi  to  the  nilwar-  Two  lend  lobe*  aboot  half  Mi  mcfa  id 
fliaoMter,  emend  with  tarred  yam,  each  tube  cocfamrii^  fear 
copper  wins  WTai>i>ed  with  two  latere  of  thick  ootttm,  and  tbe 
tabe  filled  with  a  mixture  of  tar,  reein,  aod  greaie,  were  drawn 
into  a  3-iiKii  cast-iron  socket  jiipe.  The  lead  tobe?  were  origituD;- 
flfly  rards  in  length.  After  the  wires  had  been  joined,  a  piece 
of  lead  Inbe  of  Earger  gauge  endrcUng  the  |>ii>e  wae  drawn  over 
the  jntniM  anil  soldered  at  each  end  (1^.4). 


Fio.4. 

Sini-e  the  niminenccment  of  Uie  present  year  several  **i-lions 
of  iifw  3-innli  vast-iron  socket  pipes  have  been  laid  with  s  view  of 
restoring  comiQUiiicalion  with  post  offices  previously  serN-ed  by 
over-hoiue  wires.  One  of  these  sections  vna  from  the  north-went 
comer  of  the  l^wer  Marali  along  the  Westminster  Bridge  ftoad 
to  the  pout  offict- in  Kennington  Road.  Remembering  lliat  the 
jtortioii  of  the  old  line,  laid  down  in  1846,  [lassing  tlirouyh  l»ftkley 
Stnsfl,  had  not  been  recovered  wlien  the  greater  jiortion  of  the 
line  WHS  taken  up  in  1852,  instructions  were  given  to  the  lineman 
in  chdrge  of  tlii^  new  work  to  keep  a  sharp  look-out,  and  iu  ilte 
oveni  of  its  being  seen,  to  Bend  wuril  to  the  office  at  once.  A  fcir 
tkys  after,  1  was  Bummoned  to  Oakley  ^^treet,  and  found  that  the 
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old  system  was  etill  where  it  had  been  placed  by  Mr.  Hutcher 
forty  years  ago.  About  three  yards  were  cut  out,  and  when  the 
wires  were  tested  it  wii5  fuimd  that  Ibe  insulation  was  good ;  the 
tar  appeiired  as  fre>ii  iis  when  first  jjut  into  the  tube.  At  «ome 
future  period  it  wilt  be  interesting  to  recover  a  greater  length  of 
this  hne  and  examine  the  joints  both  of  lead  and  wire. 

For  a  further  def^cription  of  this  early  naode  of  insulation  ! 
would  refer  tiie  memben.  to  the  remarks  of  the  late  I\Ir.  Cromwell 
Fleetwood  Varley  in  tbe  Society's  Journal,  No.  12,  Vol.  IV,,  page 
401,  where  he  commences  his  remarks  by  regretting  "that  very 
"  little  mention  was  made  of  the  earliest  system  of  underground 
"work  used  by  the  Electric  Telegraph  t'omjany,  and  we  ought 
"not  to  lose  sight  of  it,  because,  should  the  supply  of  gutta- 
"  i>ercha  by  any  ncfident  fail  us,  I  do  not  know  any  other  system 
"  mure  promising  of  success.  With  the  knowledge  and  the 
"appliances  we  liu^e  at  the  present  day  it  would  be  ^uite 
"  possible  to  lay  down  wires,  not  perhaps  very  highly  iusulated, 
"  but  sufficiently  so  for  all  the  practical  pui-poses  of  tele- 
*'*grapby."  ThiB  in  followed  by  a  description  of  the  uiiiiuier  in 
which  the  wires  were  covered  with  the  lead  tubing,  &l\  Kitrther 
reference  to  this  subject  will  be  made  later  on. 

For  ten  years  Messre,  Cooke  and  Wheatstone — ecpeciiilly  tin- 
former,  who  undertook  all  the  practical  work  of  construction- 
persevered,  and  in  a  measure  succeeded  in  overcoming  enormous 
difficulties;  for  when  it  is  remembered  that  their  wires  were 
insulated  with  one  or  more  of  the  following  dielectricn — glass, 
cotton,  silk,  hemp,  ahell-lac,  resin,  bitumen,  coal-tar  pitch,  .Stock- 
bobo  tar,  or  grease — and  protected  by  either  wood  trougbiiig,  lead 
tubing,  iron  trougluug,  or  earthenware,  the  wonder  is  how  they 
managed  to  keep  up  communication  a(  all.  It  is  not  difficult  to 
iumgiue  bow  faults  would  be  continiudly  springing  up ;  and  as  all 
the  workmen  were  ignorant  of  the  nature  of  the  snbtle  agent 
that  was  being  used,  Mr.  Cooke  would  be  comjjelled  (as  I  under- 
stand he  was)  to  turn  out  himself  and  trace  the  cause  of  the 
interruption.  A  lineman  who  worked  under  Mr.  Cooke's  instruc- 
tions speaks  very  highly  of  his  nmmuted  zeal  and  earnestness  in 
the  work  be  had  in  hand. 
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Kxijenencf  tf^tche^  tu  that  whenever  a  special  want  is  felt, a 
remedy  i-  generally  ai  hand,  and  only  requires  to  be  knovn  to  be 
applied.  In  tlds  case  the  remt^ly  was  fonnd,  hnt  it  was  being 
a-^ed  for  making  hats  caps,  begs,  wbip^  lnidle«.  cordage,  boot?, 
piping  for  syringe>,  rubes,  lio^e,  mouldings  for  false  teeth,  and  many 
ether  purposes.  The  material  I  refer  to  is  guita-peFebL  From 
rh€;  year  1842,  when  a  specimen  wa.'^  hr^t  iDtroduced  into  England 
hy  Dr.  W.  Montgomery',  up  to  1  &4o  only  a  few  hundredweights  hid 
been  ex])orted  from  i?ingapore.  Since  that  dnte  many  thoosandj 
of  miles  of  wire  iia\e  been  covered  and  buried  lieneath  the  sarfiwe 
of  the  earth,  or  submerged  in  the  sea,  for  the  pnrpo^  of  estab- 
lishing telegraphic  communication  between  London  fthe  chief 
market  of  the  world)  and  our  jirovincial  towns,  viUages,  the 
Continent,  and,  in  fact,  all  place?;  of  imjiortanL-e  in  every  part  of 
ihe  globe.  The  quantity  of  gutta-percha  imjiorted  into  London 
:done  liming  ilie  three  years  ended  December  31, 1866, amoimted 
I  o  6,~W  tons,  ^lessrs.  Keene  &  Xickels  received  a  small  quantity 
of  giitt&-]HTcha  from  Singapore  during  1845,  and  this  appears  to 
have  l>een  the  tirst  imi>orted  into  England.  This  lirm  ultimately 
sold  their  )>ateut  for  procei-ses  in  working  guttH-]»ercha  to  the 
Gutta-Percha  ComjMmy.  \Miarf  Road,  City  Uoad. 

During  the  foUowiofj  two  years  Mr.  Hancock  took  out  patent^ 
(or  cutting,  cleansing,  and  pressing  gutta-percha  through  rollers; 
liut  no  Kicntioii  is  made  of  covering  telegraph  wire  in  any  patent 
up  to  the  i-nd  of  1847. 

To  Pi-ofesi^or  Faraday  credit  lias  been  given  of  having 
announceil  that  gutta-percha  was  an  excellent  dielectric,  and  in 
the  beginning  of  1848  intents  were  taken  out  for  covering  wire^ 
with  it.  The  first  |»alent  taken  out  in  England  for  this  purpo^, 
so  far  as  I  can  leara,  was  by  Messrs.  Barlow  &  Foster,  the  plan 
suggested  being  its  follows: — The  wire  was  placed  Iwtween  tvo 
heated  fillets  of  gulta-i<ercha,  and  made  to  adhere  by  passing 
between  two  rollers.  In  the  same  year  Mr.  John  Lewis  Ricardo, 
i;hairiuan  of  the  Electric  Telegraph  Comi>any,  patented  a  machine 
with  a  pair  of  grooved  rollers,  through  which  the  wires  jiassed, 
placed  jtarallel  between  the  fillets,  the  action  of  the  rollers  being 
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to  bite  newly  llirough  the  giittn-percba  and  allow  of  the  several 
s  80  covered  being  easily  separated. 

These  early  machinea  did  not  do  their  work  with  the  same 

gnlarity  an  tbot^e  in  uae  at  the  present  time,  for  it  frequently 

happened  that  instead  of  the  covering  being  smooth  and  uniform, 

it  was  found  (o  be  thicker  at  intervals — so  much  so,  that  it  had 

be  pared  down  with  a  sharp  knife. 

The  directors  of  the  Eleetrii;  Telegraph  Company  having 
discovered  that  the  Strand  was  not  the  best  position  for  their 
chief  otBce  in  Iiondon,  resolved  to  build  a  central  station  at  the 
end  of  Founders'  Court,  Lothbury.  This  was  formally  opened  on 
the  1st  January,  1848.  From  this  office  a  circuitous  line  of 
3-inch  cat't-iron  socket  pipes  was  laid,  chiefly  under  the  footways. 

Being  dei-iroua  of  eonueoting  the  railways  and  other  ini[)ortanL 
places,  the  route  chosen  was  as  follows : — Via  Princes  Street,  King 
William  Street,  over  London  Bridge,  down  the  Borough,  through 
Union  Street,  Charlotte  Street,  New  Cut,  Waterloo  Bridge  Koad, 
over  Waterloo  Bridge,  along  the  Strand,  Whitehall,  Parliaraenl 
Street,  Great  (reorge  Street,  Birdcage  Walk,  Constitution  Hill, 
across  Knightsbridge,  along  the  edge  of  Rotten  Bow  to  what  is 
now  known  as  Prince  of  Wales  Gate,  across  Hyde  Park  and  the 
Serpentine  Bridge  to  Victoria  Gate,  Westboume  Street,  Spring 
Street,  and  thus  to  the  Great  Western  Railway  Station,  Padding- 

f.     Krom  this  main  line  branches  were  made  to  the  following 
ces:— 
The  South  Eastern  Railway  Station,  London  Bridge. 
The  London  and  Brighton  Railway  Station,  I-ondon  Bridge. 
The  London  and  Sooth  Western  Railway  Station,  Waterloo. 
345,  Strand. 
The  Admiralty, 
Horse  Guards. 
Buckingham  Palace. 
Eftbibition,  Hyde  Park,  in  1851. 
Another  main  line  passed  up  Moorgate  Street,  Finsbury  Square, 
PentonviU©  Hill,  to  the  London  and  North  Western  and  Great 
orthem  Railway  Stations.     A  branch  line  Irom  this  main  started 
Worship  Streel,  pasping  through  Holywell  Ijiae  to  the  Great 
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ICastem  RnilKay  Station  at  Shoreditcli  (non-  n  gooiU  station).  A 
tluni  route  was  tbn>ugli  Greeham  Street,  Huggin  Lane,  to  the 
Generiil  Post  Office.  TMa  line  was  continued  to  the  new  office  at 
■148,  titranfi,  in  1852,  vUi  Fuster  Lane,  tlietqwide,  St.  PlHil'i 
l^ureliyanl,  Ludgate  Hill,  Fleet  .Strf't,  Holrtrell  Street,  and 
along  the  Strand. 

When  tliese  pipes  were  first  laid  down,  wires  cm-ered  with 
c-utton,  passed  through  one  of  the  preparation§  in  use  prior  to  the 
introduction  of  gutta-j^reha,  were  drawn  into  the  pij)es ;  but 
iheiie  wiiefi  were  sotm  substiluted  by  thewire§  covered  with  gatta- 
])ercha. 

Tlie  first  section  of  line  in  I<ondon  itito  winch  giitia-percha- 
L'overed  wires  were  drawn  was  from  Ixithbiiry  to  Shoreditch,  in 
1849;  and  this  was  followed  by  the  line  to  Huston  and  King's 
Oops,  The  wires  that  were  first  drawn  in  were  covered  witL 
gutta-percha  by  one  of  the  processes  already  described,  and  fail«<d, 
owing  to  the  gutta-percha  Beam  opening  longitudinally  and 
exposing  the  conductor. 

At  this  date  a  large  number  of  ex)ieriments  were  made :  wifH 
of  iron,  brass,  ajid  copper  were  covered  willi  gutta-pevcha ;  in 
ttorae  cases  single  wire,  in  others  three  wires,  and  as  many  >• 
seven  wires,  were  enclosed  in  a  solid  core.  Great  improvemmts 
were  rapidly  introduced,  and  copper  wire  of  No.  16  B.W.  gauge 
was  covered  with  solid  gutta-perclia  of  excellent  ([uality  up  to 
No.  1  and  3  gauge ;  and  by  August,  1854,  no  less  than  fifteen  miW 
of  pii»es,  containing  .150  miles  of  wire  insulated  with  gotta-pea-lia, 
had  been  put  into  working  order  in  London  alone  for  the  Electric 
Telegraph  Company. 

The  pipes  nseil  by  this  company  were  of  cast  iron,  three  inches 
in  diameter,  and  cast  with  a  flat  surfaie  on  one  side,  u[x>n  which 
were  the  initials  E.T.O.  Across  Hyde  Pnik  the  pipes  were  of 
earthenware,  the  joints  being  made  with  clay. 

In  1850  the  success  of  the  Electric  Teleginph  Company  induced 
some  enterprising  capitalists  to  form  rival  companies,  one  of 
which — the  Submarine  and  Euro])ean  Telegiajih  Companv — Uiiil  t 
line  of  six  gutta-pe  re  ha- covered  wires  from  l^ondon  to  Dover,  via 
Did  Kent  Road,  Deptford,  Dartford,  Gravesend,  Rochester,  Ctat- 
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I^Cbis  line  was  i-orapleteil  by  I  lie  1st  Novembei-,  1852.  ThefoUowiug 
year — 1853 — wiiaa  very  busy  one  for  the  raauura^l.iirers  of  gutU 
fiercha-covered  wire,  for  in  adilitiun  to  I  he  line  of  eight  wii-ea  put 
down  by  the  Eleeti-io  Telegraph  Uompany  on  the,  Loudon  and  North 
eatern  Railway  from  I^ondou  to  Manchester,  the  Biitlsh  Tele- 
'grapli  Conipany,  whidi  ohtatnetl  Purhauientiiiy  powers  in  1850, 
^jMmmenced  burying  six  gulla-perdia-coveved  wires  along  the  high 
^^pads  from  Ixmdou  to  l^iveipool,  via  Biimingham  and  Manchester, 
the  latter  place  being  reacLeil  by  the  1st  of  March,  1854,  and 
Liverpool  iluring  the  same  year  (Fig.  G). 
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The  Miigiietie  Telf  graph  Coiniiany,  of  which  our  I'resicleut  wns 
the  djfitiiigui?hed  engineer,  was  formed  io  185U,  and  in  185S 
took  steitf.  to  gain  the  favour  of  the  commeriial  world  by  pro- 
viding ni|iid  communication  between  London  and  the  provinces, 
alrio  to  Ireland;  the  route  selet^ted  was.  along  the  main  roadi, 
similar  to  that  of  ihe  British  Comjiany  (Fig.  7).     Ten  wires  werf 
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laid  as  far  as  Liveqwol,  passing  through  Binniugham  and  Man- 
chester, and  six  wires  between  Liverpool  and  Port i»it  rick.  I'nder- 
ground  wires  were  also  laid  between  Cork  and  l^iieenfltowu. 

After  a  very  short  time  these  companies  united  under  the 
title  of  the  British  and  Irish  Magnetic  Telegraph  Coraiiany,  which 
became  ii  very  keen  rival  to  the  Electric  Telegraph  Company. 
There  was  so  little  difference  in  the  manner  in  which  these  com- 
panies constructed  their  lines,  that  I  do  not  consider  it  necessaiy 
to  describe  them  separately.  Spenking  generally,  they  buried  a 
wooden  troughing  of  about  three  inches  outside,  with  a  groove 
about  one  inch  s^quare,  having  a  lid  of  the  same  material ;  this  was 
fastened  down  with  nails  after  the  wires  hiul  been  placed  in  thu 
troughing.  The  iron  troiighing  was  of  about  the  same  dimensions 
externally,  but,  of  course,  allowed  more  space  for  the  wires  insider 
the  lids  were  of  iron. 

When  cast-iron  pijtes  were  used  in  towns,  they  were  very 
similar  to  the  iron  troughing,  being  cast  in  two  pieces ;  they 
were  patented  by  both  Mr.  Keid  and  Mr,  Henley,  and  are  known 
as  Heid's  and  Henley's  split  pipes.  The  wires  were  iu  some 
instances  laid  in  troughing  without  any  protection  beyond  the 
gutta-percha,  but  in  other  cases  they  were  protected  by  two 
layers  of  tarred  yam  laid  on  in  op^wsile  directions.  The  whulif 
of  the  stores  appear  to  lia\e  been  of  the  \'ery  best  quality. 

The   imderground  line  of   the  Electric  Telegraph  Comi»ay 
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laid  »]uiig  tilt-  side  of  the  liondon  and  North  Western  Koilwaj 
from  Ixiudon  lo  Manchester  and  Lherjiool  mis  somewhat 
^^ffereiit  froui  those  just  deaeribed.  The  pipes  were  of  earthen- 
Hltfe,  the  joints  being  mode  with  clay.  At  intervals  of  fifty  yards 
split  earthenware  pijies  of  larger  diameter  were  fixed,  to  allow  of 
the  wires  being  drawn  in.  An  iron  wire  was  passed  through  the 
pipes  as  they  were  being  put  together,  for  the  purpose  of  drawing 
the  cables  through. 

tFroiii  London  to  Watford  four  wires  only  were  drawn  in,  bat 
ese  had  to  be  inereaied  to  eight,  which  number  wii^  continued 
on  to  l.iveqiool. 
^P    The  work  of  constructing  these  different  systems  was  finished 
By  the  beginning  of  1855,  and.  after  a  very  short  life,  in  1857-58 
they   were   condemned,  and  wires   on   poles   substituted.     This 
applied  to  all  the  undergound  lines  laid   from   Ixindon   lo   the 
provinces  in  1853. 
^L    In    the   i'yi'/i'itfei'  of  Uecember  23rd,    18S9,   the   lailure  of 
^■eae  lines  wii^  attriimted  to  the  gntta-percha.     The  writer  says : 
^Krhe   real  truth    is   that   gutta-percha   has  been   tried   as   an 
^Knsulator,  and   failed — signally  failed.     That  it  has  failed  for 
^"BUbten-auean  telegraphs   is   beyond  all  doubt;    that   thousands 
"of  miles  of  gulla-percha-covered  wire  have  been   laid   under- 
^fcgrotmd  only  to  be  dug  iip  again  within  a  comparatively  very 
"  short    period    is    notorious,  and    if  any   of  your  readers    have 
^the  slightest  doubt   upon   the  mutter,  a  visit  to  the   Electric 
^■Telegraph   Com|jiiny'r-   s^tore   at   Camden  Town    will    convince 
^Mbe  mof^t  sceptical.     The  expense  of  all  this  to  the  telegraph 
^com]ianie3  has  been  enormous.    The  Magnetic  Telegraph  Oom- 
^^pany,  for  instance,  began  their  lines,  principally  underground, 
^Mt  an   enormous  original  cost;   before   completion  they   were 
^Hiable  to  iuteiTU[>tion   through  bad  insulation,  and  in  two  or 
^*three  years  nearly  the  whole  had  become  totally  bad;    some 
^iwere   replaced    by   Fresh  wires,  only  soon  to  go  again  in  the 
^Hume  way,   until   at    length   they   were    obliged    to  abandon 
"portions   of  their  lines  and  erect   [jole   telegraphs   upon   the 
"highways;  and    if  yoiff   readers  will  take    into  consideration 
"  that  a  line  nf  six  gutta-[»erc]ia-covered  wires  canm^t    he   laid 
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••  imr1(>rgi'oun<l  fm-  nmcli  Ipsa  than  threi-  limulied  pounds  per 
■■  mile,  tliej  may  form  ^'Oiiie  iiipa  of  the  frightful  losses  the 
*'Teli>gmx>h  compaoips  Iiave  ^ustaioed  throagh  the  fkilure  of 
"  gutta-jieroha  as  au  iunuliitoi' :  and  fo  far  ha-^  this  feilare  gone, 
■•  that  it  has  liecome  a  profitable  thing  on  the  part  of  the 
"gutta-percha  manufacturers  to  buy  up  in  18;>P,  for  £6  and  £7 
••  jier  mile,  covered  wire  wld  in  1857  for  .l18  and  £20  per 
■■  mile,  strip  the  gutta-p«Tcha  off  the  wire,  and  use  both  gntta- 
"  i)frL'ha  and  the  wire  again — very  reproductive,  indeed,  and  a 
■■  novel  mode  of  keeping  up  the  (mpply  of  gutta-percha." 

Now,  lis  the  writer  of  the  alwve  was  a  veiy  strong  advocate  for 
india-iubber  for  insulating  subterranean  wire-;,  it  will  perhaps  be 
better  for  us  to  looit  elsewhere  for  an  eziilauation  of  the  premature 
decay  of  thene  early  undertakings,  rather  than  accei>t  his  whot&- 
Mtle  ciijid  em  nation  of  gutta-percha  aw  an  insulator.  When  the 
greater  port  inn  of  the  wires  were  taken  up  in  1857  and  1858,  a  few 
seetions  were  allowed  to  remain,  especially  in  and  near  London. 
l'orti<ms  of  these  lines  have  been  recovereil  at  different  periods, 
in  difterent  lot'alitieg,  aud  under  various  circtmistances.  Some  of 
llie  gutta-pcrcba  wires  that  have  been  buried  for  more  than  thirty 
years  are  now  in  iirj-t-elai-sconditioii,  but  where  this  is  the  case  they 
liiive  been  found  wrapped  in  two  Inyers  of  larreii  yarn,  and  laid  in 
iron  easing  or  split  pipes.  The  same  cnnnui  l>i-  said  of  tliat  found 
in  wood  troughing,  except  under  special  surroundings.  There  is 
.'vei-v  reiison  to  believe  tbat  tlie  gutta-|ierc)iii  ii-^ed  lo  cover  these 
wires  was  the  real  material,  iind  was  not  subjecte'l  t*j  anything 
:ikin  to  the  so-called  improvements  in  manufacture  of  late 
years. 

1  have  IVeiitienily  been  amused  to  see  the  expression  of  sati^- 
I'ai'tion  on  the  faces  of  our  linemen — men  well  acijuainted  with 
ilie  peculiarities  of  gutta-percha — when  tliev  Imve  come  across 
one  of  these  old  lines,  and  subjected  the  iiintcriiil  t"  i-ertain  ready 
lests,  exclaiming,  '■  It's  splendid  I  " 

Although  the  insulating  materia!  was  yf)od,  yei  there  were 
iiiauy  faults  in  the  wire  previous  to  its  being  buried.  Probably 
owing  to  -onie  fault  in  the  machinery  used  for  covering  the  wire, 
the  co]i]iiT  wire  gol    elongated  and  pressed   it;  l!  e  form  of  a  loop 
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throiigli  the  gum ;  ninny  snch  plaeos  were  tlificovcred  when  the 
ire.H  were  recoverefl  and  examined. 

The   wire  useii    liy    tlie    Electrie    Telegriipli    Cum[«iiiy   waa 
covered  with  gutta-pi>roha,  ami  then  eac-h  wire  was  sened  with 
ipe.     After  this  wire  was  deliveretl  nn  tho  railway  at  Watford,  it 
n>-  |«i3sed  through  ii  hatli  nf  hoi  tar  and  sand:  wliile  thf  drums 
■erf  moving  at  a  regular  puce,  a  serviceublp  jaoket  of  tar  and 
id  was  given  to  the  wire,  but  when  anything  happened  to  inter- 
rapt  the  oantiniiity  of  tills  operation  the  [WMlion  left  in  the  bath 
was  rsposed  to  a  teiiipcratiire  suffii-ient  to  melt  the  gutla-perfha, 
and  tht!  wire  passed  out  eovert-d  with  tape,  tar,  und  -^iind  only. 
|Uidei]uate  rare  was  nut  esercised  in  protecting  the  wire  from  the 
^Beat  of  the  sun,  it  heing  allowed  to  rf-main  lying  on  the  hanks  of 
Hbie  railway  uufovereil  for  a  consideiitble  period,  i^o  (hat  I  Ik- copper 
^irire  got  out.  of  thf  centre,  and  in  some  cases  became  expoei-il 
altogether.     After  tho  tables  had  bt?en  put  in  plaL-p,  thi-  drawiug- 
in  holes  at  every  fifty  yanls  were  left  uneon-red,  and  tlie  enda  of 
the  wiiva  left  exposed,  wailing  for  the  jointers  to  come  and  make 
the  pennun en t  joints,  and  the  split  couplings  to  bf>  put  on, 
^H     The  means  adopted   to   ])re9erve   the  wiies  were   defective. 
^rCaowledge  derived  from  a  series  of  obaenationf'  jwints  to  the 
fact  that  Njilit  pipes,  wiiether  of  wo<jd  or  in)U,  are  not  equal  to  the 
requirements  of  a  subterranean  line  of  telegraph  wires.     Wood 
troughing  is  subject  to  dry  rol,  and  therefore  various  espetlient'* 
have  been  resorted  to  with  a  view  of  preserving  the  limber;  hut 
some  of  the(-e  preservers  act  injuriously  uiwu  the  wire,  causing 
the  insulation  to  be  destroyed.     When  the  line  is  jjlaced  near  tw 
^Bbreea,  esjiecially  oak  trees,  the  surrounding  moisture  is  absorbed' 
^^ir  a  considerable  distance;  this  applies  lo  lines  constructed  of 
either  wooil  or  split,  iron  pipes,     Sfjecial  cirt-um stances  may  arist; 
^■hat,  would  make  it  expedient  to  use  mjoden  (roughing,  hut  where 
there  is  nn  absence  of  such  spt-cial  conditions  solid  cast-ii-on  pijies 

fp  to  be  preferred.     In  Londoii  split  pipes  are  a  source  of  danger, 
r  since  the  chief  thoroughfares  have  been  paved  with  wood  or 
l>hii)te,  the  gas  that  escapes  in  considerable  quantities  from  the 
gns  companies'  mains  accumulates  under  the  surface  and  finds  its 
ray  into  ihe'^e  half-piijes,  and  thenee  into  our  junction-boxes. 
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twufaig  much  antiovance  aod  iocotivenieDce.  I  hnre  known  taaes 
where  the  accouiulation  of  gas  collected  through  split  pipes  \me 
been  ao  gr«st  that  it  ha»  beeo  neceseary  to  apen  the  box  some 
minates  hefore  tbe  jointer  could  tight  his  lamp  with  safetj. 

Where  eArttienvare  pijies  have  been  used  instead  of  iron,  it 
bag  been  done  for  economical  reasons  only.  Hnch  a  tine  wm  laid 
BOtne  years  ago  from  opposite  St.  George's  Hospital,  Knight  abridge, 
acnws  Hyde  Park,  to  Tybnm  Gate,  the  joints  being  made  with 
day.  Another  section  of  the  original  line  laid  in  1851  between 
the  8i1e  of  the  Exhibition  of  tlial  year  and  the  Serpentine  Bridge 
waa  of  earthenware.  Some  years  ago  the  sixteen  wires  that  were 
drawn  in  when  the  line  was  laid,  had  to  be  drawn  out  to  allow  of 
the  number  being  increased.  Aluch  diffiiully  was  ex{}erieni:ed  in 
moving  the  old  wires,  and  it  became  necessary  to  break  one 
and  by  laying  it  over  the  trench  so  to  trace  the  locality  of  the 
obBtacle  ;  when  this  was  done,  and  the  ground  opened,  it  was 
found  that  the  root  of  a  tree,  about  ten  feet  long,  had  found  its 
nay  through  the  clay  with  which  the  joints  of  the  pi]>es  we 
made,  and  tiad  entwined  itself  round  the  cable  in  such  a  manner 
as  to  hold  it  fasl.  I  need  sciircely  say  that  the  gutta-percha  hod 
entirely  perished  at  this  i>oint.  Pipes  of  this  description  are 
always  more  liable  to  be  damaged  b}'  the  operations  of  the  gas, 
wa(er,  or  the  hydraulic  power  eom))anies'  workmen  when  of 
ing  ground  to  get  to  their  mains,  than  solid  cast-iron  pipes. 

Another,  and  I  think  the  chief,  cause  of  the  rapid  decay  of  the 
lines   referred  to,  was  the  rapidity  with   which  the  work 
carried  out.     All  the  comimniea  were  racing  to  get  through 
the  provinces  as  eoon  as  it  was  possible,  and  there  in  no  dou 
that  thiH  led  to  the  work  being  done  without  the  necessary  sup 
vision  being  given. 

At  the  prepient  time  it  is  found  necessary  to  place  experiene 
men  to  watch  the  work  as  it  proceeds,  for  where  this  has  not  bean_ 
done  the  work  has  proved  to  have  been  unsatisfactorily 
out.  Wien  this  is  taken  in  connection  with  the  fact  that  the 
majority  of  the  men  employed  on  these  works  were  totally 
ignorant  of  the  necessity  of  the  greatest  care  being  exercised,  and 
the  utter  impossibility  of  the  few  able  men  to  be  everywhere 
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along  the  works  at  the  same  timp,  if  is  not  $urpn»ing  tbat  these 
early  lines  had  to  be  so  soon  abamlonpd.  Although  the  losa 
sustained  by  the  different  telegrapli  companies,  through  the 
feilure  of  these  underground  systems,  must  have  been  enormous, 
yet  we  find  that  in  186!,  when  the  "District"  and  the  "United 
"  Kingdom "' Telegraph  Companies  started,  they  bolb  began  by 
putting  dowTi  subteiTftoean  wires.  The  lirst-named  I'umjwny 
cbieftv  employed  seven  gutta-percha-covered  wires,  laid  np  with 
a  sbght  twist,  encased  in  a  tube  of  the  sanie  material  filled  with 
a  preparation  known  a^  "  Hiiglies"  fluid,"  but  unfortunately 
these  excellent  cabK-s  were  laid  in  either  wood  oi'  iron  troughing 
tm  already  described. 

Another  kind  of  cable  employed  by  this  com^iany  was  one 
patented  by  Mr.  E.  Highlon  in  1850.  Seven  gutta-percha- 
covered  wires  were  laid  up  in  a  strand  and  surrounded  by  a 
flexible,  covering  of  iron  wires.  In  some  instances  (his  cable 
was  buried  under  the  foolpatlis  and  roadways  without  any  other 
protection  whatever.  It  was  thus  liable  to  he  injured  by  the 
first  gang  of  workmen  that  had  occasion  to  open  a  trench  across 
its  route.  A  long  length  of  tliis  cable  still  lies  buned  in  different 
parts  of  I>ondon,  bui  the  majority  of  the  sections  are  out  of  use 
through  mechanical  injuries  that  have  been  occasioned  in  the 
manner  alluded  to;  many  faults  have  been  traced  and  cut  out. 
The  plan  adopted  by  the  United  Kingdom  Telegraph  Company 
coniifited  chiefly  of  gutta-iiercha-covered  wires  in  split  pipes 
laid  under  the  footway  from  Gresham  House  to  the  Canal  Wharf 
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\Ve  now  come  to  a  very  important  epoch  in  connection  with 
the  telegm]>ii  synleins  of  this  country — the  transfer  of  the  tele- 
graphs to  the  Post  Office.  This  took  place  in  the  beginning  of 
1870,  when  ail  the  different  companies'  lines  were  fliverted  to  the 
central  office  of  the  Electric  Telegraph  ("om]jany  in  Telegraph 
Street,  Moorgate  .Street.  This  work  was  carried  out  under  the 
direction  of  Mr.  Henry  Eaton,  now  the  superintending  engineer 
of  the  metropohtan  district, 

After  the  concentration  had  been  effected  it  was  soon  dis- 
covered that  nearly  all  the  liuei^,  with  the  exception  of  those  in 
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solid  i-asi-iiou  socket  [lipes.  wc-re  defective  in  insulation  j  jmd 
Llie  vaiioii.' iiicthotlw  of  constniflioii  did  not  provide  for  renewals 
to  lie  carried  out  without  opening  the  ground,  tliey  were  graduallir 
aluindoni-d.  suid  tlii-  number  of  wirps  in  the  3-iiic-h  cast-iron  iwckel 
[■ipeN  of  iLi-  late  Kk-ctric  Teicgrapli  L'onipiiiiy  intreof^ed  to  meeL 
the  ever-expanding  rfquirements  of  tin?  senice.  ^ 

Previous  to  the  completion  of  the  new  Post  Office  in 
St.  MnrtinVle-Granil,  in  1874,  the  piiiew  anil  wirec  passing  north, 
sontli,  east,  nnd  west  of  the  new  hniidiug  were  led  through  the 
basement  tind  up  to  the  instrument  gallery,  where  tliey  were 
terminaletl  upon  n  sery  extensive  test-bos,  the  terminals  lieing 
numl>eifd  rioui  1  to  1,000. 

The  L-outi'rii]ihitfd  ciiaiiye  from  the  office  in  Telegraph  8t 
imving  U[iset  nil  (he  numbers  in  the  joint-boxes  in  the  streets, 
was  considered  necessary  to  re-number  the  whole,  and  thus  mnV^ 
the  numhets  iu  thelwjxes  correspond  with  the  new  test-box.  This 
was  caiTieit  out  m  perfectly  that  the  whole  of  the  eireiiits  were 
diverted  to  the  new  office  in  a  very  few  hours  on  the  niglit  of 
.Innuiiry  17th,  1874,  without  the  slightest  interruption  to 
ijifiinary  traffic. 

At  this  dale  the  lengtL  of  pipes  in  the  metropolitan  disl 
was  about  lOO  miles,  and  the  total  quantitj'  of  wire  in  the  jm 
iiniomitcd  to  :j,I.)O0  miles.  Shortly  after  tiiii*  date  an  agitation 
was  started  against  the  over-houae  wires,  and  it  was  decided  b' 
the  Post  Office  authorities  that  anew  line  of  3-ineh  cast-iron  pi 
should  be  laid  down,  and  100  miles  of  wire  drawn  into  it, 
substitution  of  1 26  milea  of  over-house  wire. 

'i'his  was  the  first   piece  of  work  carrie(l  out    in  London  witli,i 
view  of  reducing  the  over-house  »yatem  belonging  to  the  Pi 
ilffice,  and  thin  was  snpjjieniented  hy  many  others,  until    the 
whole  of  the  main  Uues  of  over-house  wires  had  been  removed. 

The  chief  poiliou  of  this  work  was  finished  before  the  intro- 
duction of  that  marvellous  little  instrument  the  telephone,  which 
must  be  held  accountable  for  the  dangers  apprehended  from  the 
extraordinary  network  of  wire  suspended  over  the  cliief  thorough- 
fares of  the  City,  and  to  u  lesser  extent  the  suburbs  of 
London.     It    has  also  h&'l   the  effect    of  largely  increasing  Hm 


1887., 


U.Sll»:R01iODND  TKIiKUBAPHS. 


417 


mileage  of  amlerirroimd  wire,  for  it  was  soon  fonud  thiil.  for  n 
telephone  to  wurk  -.hi isfactoril y  underground,  two  wlrr-  inucf 
be  UBed  instwiil  uf  oui-,  and  iil'ter  mauy  experirjientft  it  was 
found  that  mut-h  better  results  wtre  ohtained  by  tlie  use  of 
-four-wire  twisted  oible  covered  with  tape,  two  of  the  wires  being 
used  diagonally  f.ir  the  tclephnne  ciri'uit,  thereby  overcoming 
the  effects  of  indiiL'tioti,  Twenty  uf  these  four-wire  ailile^j,  i-qiial 
to  eighty  conductors,  are  now  generally  dniwn  into  one  34nch  cast- 
iron  pipe  (Fig.  8),SL>nie  of  which  form  ymrt  of  the  origimd  lines  laid 
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in  1847 — fi>rty  years  ago;  aiidjudgiug  from  what  I  have  sren 
the  wires  Imve   heen  dniwn  iml  fur  increasing,  there  is  no 
to  tliiiik   liipy  are  hkely  to  give  iiny  imnhle  for  mitny 
years  to  come. 

At  the  beginning  of  1880  an  e^)pritiii'niiil   line  of  Ig  incii 

lUghl-irou   [tipe  :ind  30  No.  IS  B.W.  gauge  copj^r  wires,  each 

covere-d  wilh   triiinillu.  and  tlie  whole  made  up  into  n  cnhli-  and 

covered  with  a  braid  of  the  same  material,  was  laid  for  the  Posl- 

master-OenerHl,  imder  the  direction  i>f  the  piiti-ntep,  Mr.  I>arid 

Brook:^,  of  i'liiladelphift.     The  route  choHeu  was  on  tiie  viaduct  of 

the  London  and  South  Western  Kailway  from  the  \\'estmin8ter 

Bridge  Koa<l  to  where  the  line  [lasses  o\*er  Bond  Street,  Vauxhall. 

It   was   wubseiiueutly   extended    to   Claphiiin   Junction   Station, 

^_30  wires   being  continued  on  to  Queen's   Koad  Station,  andj-ifi 

^HBrom  that  [xtiut  (o  01ai>ham  Junction  {Station  (Fig,  9). 

^M      The  peculiarity  of  this  system  connsts  in  the  mode  adopted 

for  insulating  the  wires.     The  cable,  previous  to  being  drawn^n, 

,was  coiled  in  u  targe  cautdrou  sud  covered  with  jMralliu  oil ;  a 
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fire  was  then  made  under  tbe  cauldron  and  thi?  i-onteats  heated  I 
300°  Falir. ;  the  tire  was  tlien  checked  bo  tutu  uiainluinlhut  degree 
of  beat  for  one  hour,  to  give  time  foi'  tlie  heal   to  jiermeute 


Fio.  u. 
thoroughly  through  Ihe  body  ofthe  i-able.  It  was  theu  otfnTt 
to  an  iron  wire  which  was  threaded  tlirougli  the  piiies  when  lud, 
for  the  ijurpoee  of  drawing  it  in;  previous  to  conitnencing  thia 
operation  a  *]uantity  of  hot  oil  was  ])oure<l  into  the  pii>e,  ant! 
the  eable  was  being  drawn  through,  a  man  j^rood  jmuring  liol 
over  it  through  a  funnel  attached  to  the  end  of  the  pijie,  as ' 
jiassed  ont  ofthe  cauldron  and  entered  the  pipe.  The  joint*  of 
the  pipes  were  made  by  means  of  stout  sockets  and  a  solution  of 
shellac,  which  is  supposed  to  make  the  joint'^  imperviouT;  to  oil. 
the  latter  having  no  affinity  for  shellac.  To  keep  up  a  i-onstanf 
supply  of  oil  a  reBervoir  was  fixed  at  a  shght  elevation  on  the 
bridge  over  the  Westminster  Bridge  Road  and  connected  to  the 
pipe. 

After  this  line  had  been  completed,  the  wii'es,  with  one  or  two 
exceptions,  gave  very  good  results  as  regards  insulation,  but  from 
the  fii'st  there  was  a  very  great  loss  of  oil,  and  this  continued 
more  or  less  although  every  effort  was  made  to  trace  and  repair 
the  leaks.  Probably  the  constant  vibration  of  the  viaduct  bn? 
had  something  to  do  with  the  leaky  condition  of  the  joints^. 
Owing  to  the  viaduct  being  widened  for  n  considerable  length,  il 
was  necpfisary  lai>t  year  to  divert  the  wires  working  through  tlj 
system   between    Westminster  llridge   Road   and   iJiH-en'ii  Itfl 
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Station,  and  to  recover  the  jiipps  aut!  wires  along  tlie  railway 
between  the  above  points.  This  was  done,  and  the  remaimng 
portion  from  Queen's  Road  to  Clapham  Junction  thoroughly  over- 
hauled, one  section  of  about  300  yards  being  renewed.  Since  last 
October  the  line  has  worked  well,  and  although  the  cost  of  con- 
struction and  maintenance  has  been  very  heavy,  it  does  appear  to 
me  that  the  system  is  worth  a  further  trial  under  more  favourable 
conditions — for  instance,  along  a  country  road  where  it  might  form 
part  of  a  through  line,  and  where  the  pipes  would  not  be  subjected 
to  such  frequent  disturbancet^  a>  in  the  busy  thoroughfares  of 
London. 

■  Several  very  large  extensions  to  the  boundary  of  the  metro- 
politan (listrict,  and  in  some  cases  even  beyond,  as  well  as  the 
enormous  increase  that  has  taken  place  in  the  supply  of  wires  for 
private  use,  have  increased  the  mileage  since  1 874  up  to  the  present 
time  from  100  miles  of  pipes  and  3,000  miles  of  wire  to  240  miles 
of  pipes  and  12,000  miles  of  wire,  the  latter  being  an  average  of 
50  wires  through  the  entire  length  of  pipes.  The  total  weight  of 
copper  buried  in  the  metropolitan  district  amounts  to  over  200 
Ions,  and  that  of  gutta-percha  to  250  tons. 

The  underground  lines  radiating  from  the  General  Post  Office 
to  the  provinces  extend  to  the  following  points,  thence  to  join 
wires  on  imles  nmning  along  either  the  railways,  highways,  or 
canali^ : — 

liAILWAYS. 


Ludgate  Hill  Station    ... 
Klephanl  and  Castle     ... 
Bromley  Station 
Waterloo  Station 
Queen's  Road  Station  ... 
Clapham  Junction  Station 
Raynes  Park  Station     ... 
Kew  Bridge  Station     ... 
Isleworth  Station 
Euston  Station ... 
Loudoun  Itoad  Station... 
Finchley  Uoad  Station.,, 
VOL.  XVI. 


L.  C.  &  D.  R. 


;•;.} 


L.  &  S.  W.  B. 


L.  &  N.  \V.  It. 

M.  H. 


39 


490 


TTNDEBaBOimD  TELEQBAFHS. 


[MirHHt; 


Maryland  Point  Station 
Tjeyton  Junction 
River  Lea,  Tottenliam... 
King's  Cross  Station     ... 
Holloway  Station 
Paddington  Station 
Hanwell  Skew  Bridge  ... 
Brentford  Station         ... 
London  Bridge  Station 
New  Cross  Station 
Ijondon  Bridge  Station 
New  CroHB         


G.  E.  R. 


G.  N.  B. 


G.  W.  R. 


S.  E.  R, 


I^  B.  &  S.  C.  R, 


Bath  Road,  Hounslow 
nenhain  , 


Road  Lixk. 

...    Bristol  Koad  Line. 
.,,     London  to  Carlisle  and  Scot- 
land, via  West  Coast. 
Wanstriul  l^lats         Ipswich  Road  Line. 

South  Minims  Hoad,Bamet...     Binningham  Road  Line. 
Hadley  Green,  Biimet  ...     London  to  Newcastleand  Scot- 

land, via  East  Coast, 
Tottenliam,  near  G.  E.  Ry. ...     Cimbridge  Road  Line. 
Bromley  Common     ...         ...     Beachy  Head  Road  Line. 

Canal  Lines. 
HaiTOw  Road,  Pinldincfton   ...     Canal  and  Koad  via  Oxfoni. 
Do.  do.  ...     Tiinal    find    Rond    via   Nortb- 

ain|>ton  and  Xottiugliatn. 

Othor  jioints  to  which  undorground  lines  have  been  laid  for 
Post  (Ifficf  and  private  win-  Kcriioes: — 

Kilbuni.  Victoria  Docks.  Fulham. 

Hampstcad,  Woolwicli.  Hammersmith. 

Wcsl  India  Doiks,        Blackheath.  Brixton. 

It  will  lic^  olivions  that  in  the  main  llioroughfiire:i  near  to  the 
General  Post  Office  the  wires  are  very  numerous.  Through 
Little  Britain  tliero  are  two  3-incK  ]»iies  containing  109  wires; 
AJdersgafe   Street,  two  pipes,   IGO  wires;   Gresliam  Street,  tffu 
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Iii]ips,  150  wires  ;  Cannon  Street,  two  pipes,  168  wires ;  Cheapside, 
two  3-incb,  one  4-intJi  pipes,  and  242  wirea;  Ludgat.e  Ilill,  one 
4-mcL,  three  3-incli  pipes,  350  wires ;  and  down  Newgate  Street, 
two  4-in>;h,  tiiree  3-inch  pipes,  with  over  400  wires.  Thes<' 
nuinbera  have  been  i-eached  by  giadual  increments,  the  praotic« 
bfiiig  to  put  into  a  new  jiipe  as  many  wires  as  are  actuall)' 
juired  for  the  special  service,  with  a  small  percentage  of  spiirp 
res,  and  as  soon  as  these  liavp  been  api>ropriated  for  new  circuits, 
to  increase  the  number  by  drawing  out  the  existing  wires  and 
replacing  tliem  by  a  cable  with  additional  conductors.  This  class 
of  work  ia  continually  being  carried  out  in  different  parts  of 
London  to  meet  the  great  increase  ui  telegraphic  and  telephonic 
business. 

Huring  the  last  fifteen  years  nearly  every  section  of  line  has 
en  disturbed,  either  for  the  puqwse  of  removing  faults  which 
metimea  trouble  us  in  or  near  the  flusb-boies,  through  the 
necessarily  frequent  exposure  of  the  gutta-percha  to  variations  of 
temi>erature  caused  by  the  linemen  getting  new  wires  through, 
&c,,  or  by  the  necessity  of  increasing  the  number  of  conductors 
as  occasion  may  arise.  So  much  of  tliie  work  has  been  done  that 
it  would  be  difficult  at  the  present  time  to  point  out  any  portion 
line  that  has  not  been  renewed  during  the  above  period. 
The  atlvantages  of  being  able  to  replace  the  working  wires  by 
a  greater  number  without  seriously  interrupting  the  communica- 
t  ion  must  be  evident  to  all ;  but  this  is  easily  accomplished  where 
^^lie  lines  are  constructed  of  3-inch  cast-iron  socket  pipes  with  boxes 
^Bitlier  fixed  flush  with  the  pavement  or  bnried  beneath  the  surface 
^Bt  every  fifty  or  one  hundred  yards,  according  to  the  size  of  the 
^Bable  to  be  drawn  iu. 

^B      After  many  years'  experience,  and  with  a  full  knowledge  of  the 
many  achemes  that  inventors  have  introduced  from  time  to  time, 
not  know  of  any  that  can  be  compared  with  the  present 
em  for  simplicity,  utility,  and  durability. 

On  being  asked  by  the  Chairman  whether  he  wished  to  add 
nything  to  the  paper, 

Mr.  C.  T.  Fleetwood  said :  I  merely  riae  to  jioiut  out  that  in  "£*■»»« 


now 
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the  paper  1  have  tniwle  a  remark  to  the  effect  fhiit  it  wonld 
probably  be  interesting  at  some  future  time  to  recover  a  portiQD 
of  the  old  line  that  wa^  laid  between  the  Strand  and  Xine  Elms. 
The  portion  referred  to  was  only  some  3  yards  long.  Abont  a 
fortnight  ago  I  recovered  Tu  yards,  and  on  testing  it  found  it  lo 
be  faulty,  I  cut  it  up,  and  succeeded  in  getting  two  lengths  of 
21  yards  each,  free  from  earth  or  contact,  and  a  portion  is  now 
before  the  meeting.  I  thought  I  would  mention  that,  as  it  i« 
in  the  paper. 

Major-treneral   C.    E.  Webber  ;    Tliere  are   many   points 
connection  with  this  most  interesting  paper  which  must  come 
home  to  the  minds  of  those  who  have  at  times  in  their  life  been 
engaged  on  that  interesting  and  excellent  work  u|ion  which  t 
greater  jjart  of  Mr,  Fleetwood's  career  has  been  spent. 

As  regards  the  question  of  gutta-percha,  I  Uiink  we  must  not 
forget  thai  the  difficulty  of  obtaining  sound  gutta-percha  ia 
enormously  enhanced  by  the  demand  having  cau(-ed,  during  the 
last  tifleen  years,  adulteration  of  that  article  to  a  very  couaiderahle 
degree.  About  the  year  1874  I  remember  examining  a  line 
which  was  laid  down  between  the  end  of  the  overhead  line  to 
Lowestoft  and  the  cable  huts  ou  the  sea  shore,  in  which  the 
gutta-percha  had  then  been  in  the  tube  for  between  eighteen 
and  nineteen  years,  and  the  gutta-percha  which  was  recovered 
was  positively,  as  far  as  one  could  ascert.iin  by  the  onlinnrv  means 
of  testing  at  our  dis|iosal,  as  good  as  new.  No  such  gutta-perthj^^ 
as  that  is  obtainable  at  the  present  time.  ^H 

In  the  year  1878  I  went  to  Amsterdam  for  the  puqiose  of 
examining  the  gutta-percha  then  in  the  market,  it  having  been 
suggested  to  me  by  one  of  the  wire  coverers.  in  Paris,  and  I  found 
that  there  were  there  over  fifteen  samples,  varying  from  £10  to 
nearly  £1100  a  ton  in  value,  and  that  no  sample  that  could  be 
bought  by  wire  coveiers,  except  thosi-  who  were  engaged  very 
largely  in  the  trade,  could  be" obtained  that  was  not  a  mixture  of 
some  tive  or  sis  of  them,  some  being,  of  course,  of  a  very  inferior 
character.  I  have  n'l  doubt  that  this  has  been  going  on  siuc« 
then,  and  that  the  insulation  of  lelegniph  and  telephone  c 
duetors  has  been  subject  lo  this  source  of  deterioration,  and  1; 
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to  a  great  extent ,  added  to  the  troubles  of  the  f  elegi-aph-engineer,  "aj  -On, 
and  ins  brought  into  discredit  a  good  deal  of  the  enterprise  of 
.any  of  the  undertakings  in  which  such  wires  have  been  used, 
I  think  Ml'.  Fleetwood,  in  liis  most  interesting  paper,  has  not 
laid  qoite  sufficient  atrese  on  the  importance  of,  I  would  not  any 
reforms,  but  would  call  them  the  completion  of  the  Bystem,  or  the 
bringing  into  perfection  of  the  system,  of  underground  electric 
telegraphs  ahnut  that  eiKtch,  which  he  mentious,  when  the  tele- 
graplis  of  this  country  were  transferred  to  the  service  of  the  Post 
Office.  And,  while  mentioning  my  ohl  friend  Air,  H.  Eaton,  I 
TFOuld  also  like  to  mention  his  asriislant,  ^Ir.  Shipp,  a  man  who 
was  well  known  then  in  the  streeta  of  Ixindon  in  connection  mth 
imdergionnd  work.  Also  I  think  we  must  not  forget  to  gi\e 
credit  to  the  then  engineer-in-chief  of  the  Postal  Telegraphs, 
Mr.  H.  iS.  l_'ulley,  who,  I  believe,  was  chiefly  instmmental  in 
bringing  that  system  into  the  state  of  perfection  which  it  then 
bad  attained,  and  of  which  I  am  sure  it  has  lost  nothing  imder 
his  able  successor.  But  the  whole  gist  of  that  system,  or  the 
fundamental  rule  for  the  guidance  of  laying  down  and  main- 
tenance of  that  system,  was  the  complete  power  and  facility  in 
the  bands  of  the  engineers  and  men  maintaining  it,  of  withdmw- 
ing  a  cable  at  a  moment's  notice  when  it  was  required  to  be 
removed  either  for  renewal  or  repair;  and  it  is  due  to  that  alone — 
you  may  say  almost  due  to  that  guiding  rule — to  which  the  Post 
t>ffice  and  all  those  who  have  been  engaged  in  the  work  owe  their 
great  success,  because  it  baa  neutralised  the  effects  of  that 
deterioration  of  the  insulator  which  was  unavoidable,  and  which 
would  otherwise  have  brought  them  into  an  immense  amount  of 
trouble  and  difBculty,  I  have  often  said  to  myself,  when  main- 
taining and  having  to  do  with  underground  telegraph  lines,  tliat 
the  man  who  had  the  responsibility  of  such  maintenance  ought 
not  to  be  able  to  sleep  if  he  could  not  send  men  down  at  a 
moment's  notice  to  draw  out  a  section  and  replace  it  in  a  verj' 
few  hours.  1  cannot  help  dwelling  on  this  subject  with  reference 
Lo  telegraph  and  telephone  lines,  and  also  to  other  electrical 
conductors,  and  suggesting  what  often  comes  into  my  mind  now, 
1  see  our  city  being  day  by  day  covered,  not  only  by  small 
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:j>-.  tt.'.-tm,  r,T3*.  also  bv  larg^  one* — 5tni«taK«  tfc»t  txA  more  like  the 
rrwir.  an'ihor  cabtie  of  n  ^Lip  than  anything  else — and  it  is  thii, 
ii.i*f.  if  onr  capitalists — men  who  have  in  f-wmer  year«  pot  thrir 
monfT  into  ?ncb  line*,  with  fai  less  engineering  knowiedge  u  to 
th'rir  c^instniction  ami  maintenanee  than  we  hare  tMw — if  the; 
wo!iId  'inly  ffjresee  that  the  day  mast  arise  when  all  these  con- 
')-i'.-tor?  vill  have  to  be  placed  nBd^rgToimd,  and  if  ther  voold 
n'lt  mind  po^t[ioning  »he  re?nlt — it  i«  veiy  difEmlt  to  get  people 
TioT  Ut  mind  laying  up  their  onpital — but  if  they  wotild  commence 
now,  with  tb«  view  of  in  three,  f.>nr,  or  live  years  hence  having 
H  perfeot  system  of  pas-ages,  ways,  or  tnbes  under  the  streets  and 
J«n'-^  of  Tjondon,  and  elaborate  their  system  so  as  to  {woride, 
amongst  other  things,  for,  «ay,  a  hundred  telephone  exchanges  in 
l^iri'lon  in  ten  year-  hence,  and  wotild  lay  op  their  capital  in  snch 
a  -vi-tem,  then,  at  the  end  of  that  time,  when  the  public  mnld 
no  longer  bear  these  spider  webs  over  their  heads,  the  preparation 
would  be  ready,  and  tliis  great  city  could  he  provided  with  a 
system  witli  which  nothing  could  comjiare  in  this  world.  Such  a 
systein  must  b»;  carried  out,  not,  as  Mr.  Fleetwood  said  was  done 
iij  tlif  early  ikys  nf  the  telegraph  c-ompanies,  hniriedlT,  but 
CJtiiiion-^ly,  tarffiilly.  iiml  without  interference  with  the  publii' 
coiivi-nii'nfe.  It  mu>l  In-  done  welt  beforehand,  and  then  we  may 
!<M)l:  forward  :t  few  yi;ir-  lience,  when  the  telephone  [tatents  have 
i-i*an-rl  lo  C'jTitro!  Ilii-  ninrliet,  and  wlien  electric  lighting  takes  its 
pmiKT  |il!tce,  to  be  able  to  establish  such  a  system  of  electrical 
'-uniliiclurr;  fit  l,i)i]ilf»n  iis  will  meet  ihi-  demands  for  electrical 
di-lrilmtinns  for  tclcjiliony,  fcir  light,  and  for  power,  such  n$ 
that  wonderful  agcni  of  the  iiur|>oscs  (>riiinn  has  a  right  to  claim, 
anil  ti>  whic'li  we,  it^^  engineers,  believe  it  to  be  entitled. 
rA.iiiw-.  Mr,  A,  .1.  S.  AriAMS:  We  -ihoulil,  I  think,  be  eareful  bow  we 
ri'pcjii  history,  unh'>^  it  he  for  the  purjiose  of  [minting  a  moral  or 
of  adorning  a  tale.  The  paper  we  Imve  jui^t  heard  is  wholly 
!ii-tiiry,  and  although  the  author  has  [-onijiileil  it  with  care,  and 
has  aihimed  it  with  interesting  sijeciineiH  of  gutta-percha  work, 
ituiHt  of  US,  I  fear,  do  not  exactly  see  the  moral.  We  need  some- 
thing more  than  meie  history:  for  instance,  the  author,  in  a 
jKipi-r  read  before  tlii;;  Society  in  187.(,  slated  that  a  large  portion 
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of  the  Post  Office  T.ondon  street  work  had  been  then  renewed,  Mi-Adn 
and  we  would  like  to  have  learnt  the  practical  result   of  that 
work.      Much  wan  also  said  in   that   previous  paper  upon  the 
deleterious  effects  of  gas  in  the  pipes,  and  of  attempted  protection 
ly  hermetic  sealing — a  matter  to  which  the  present  paper  makes 
no   reference.     In  1873  Mr,  George  Preece  gave  an  interesting 
accoiint  of  a  new  gutta-percha  line  that   had   been   laid  down 
etween  Uverpool  and  Manchester,  and  here  again  it  is  strange 
that  in  treating  of  underground  work  by  the  Post  Office  method, 
no   reference  has   been    made   to  that   line.     One  would  have 
thought  that  the  consideration  of  underground  trunk  lines  would 
obtain  a  prominent  place  in  this  paper.     The  importance  of  this 
question  of  underground  work  becomes  more  prominent  every 
year,  and  especially  after  such  a  collapse  of  open  work  as  that 
experienced  during  the  past  winter.     I  know  that  some  people 
,y  there  is  no  hoiie  of  maintaining  continuous  telegraph  working 
unless  all  lines  are  put  underground,  and  that  there  are  other 
people  equally  certain  that  it   would  never  pay  to  take  such  a 
course.     But,  Sir,  in   regard  to  these  periodic  disturbances  to 
legraphic  communication  by  snowstorms,  it  seems  to  me  that 
the  Clerk  of  the  Weather  is  held  res^Kinsible  for  a  great  deal 
more  than  he  deserves.     The  fact  is  that,  in  order  to  pay  divi- 
dends, both  construction  and  maintenance  are  starved,  and  when 
we  remember  the  enormous  profits  obtained  from  telegraph  wires 
e  state  of  things  frequently  existing  becomes  indefensible. 
There  would  be  no  necessity  for  putting  wires  generally  nnder- 
ground  if  the  open  work  were  fairly  treated,  and  I  am  confident 

^^hat  open  work  may  be  put  up  and  maintained  at  a  fair  cost  to 

^Htvithstand  any  storm  that  may  try  it. 

^B      Then  there  is  the  question  of  the  practicability  of  underground 

^Mrunk  lines,  to  which  I  would  briefly  refer,  because  I  think  that 
from  a  gentleman  of  the  large  experience  possessed  by  the 
author  of  the  jwper  before  us  we  might  have  expected  valuable 
expressions  of  opinion,  and  that  the  sphere  of  bis  remarks  would 

^■take  a  wider  range  than  that  embraced  by  the  circle  of  "  Suburban 
"  London."  I  have  no  doubt — us  was  indicated  by  Jlajor-General 
Webber — that  the  supply   of  gutta-percha  would   prove    quite 
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Mr.  4ii«of.  inadequate  for  tlie  purpose  of  trunk  lines ;  and  the  question  arises, 

I  'What  is  there  to  supply  its  pUce? 
I  will  not  trouble  you  witii  my  own  opioions  regarding  the 
beat  method  of  utilising  asjihaltum — my  opinions  upon  tliat  point 
are  alre-ady  on  record — csi-fpt  so  far  as  to  say  that  in  a^jpLaltom 
we  have  one  of  the  iinest  ruati.-rial!-  for  the  jiurpoae,  and  that  as  an 
insulator  for  oar  conductorB  it  Las  a  great  future  before  it.  One 
thing  is  certain,  and  that  is,  that  agplmltum  has  never  had  a 
fair  trial  in  underground  work ;  and  I  trust  the  author  will  add  his 
opinions  upon  this  and  the  ullier  points  raised  to  his  interesting 
historical  essay. 
«i.  PKfce.  Mr.  W.  H.  Preece  :  Tlie  chief  merit  of  ^Ir.  Fleetwood's  paper 
is  that  it  has  brought  before  tlie  Society  the  result  of  hia  own 
practical  experience ;  and  tlie  only  recompense  that  we  officers  of 
the  Post  Office  can  pay  to  those  who  support  us  is  to  give  them 
freely,  dearly,  and  volunlarily,  whenever  we  have  the  oppor- 
tunity, the  results  of  our  esjjerienge.  Mr.  Fleetwood  has  con- 
6ned  this  pai>pr  to  hia  own  exjierience,  and  therefore  he  has  not 
referred  to  lines  like  the  Liverjtool  and  Manchester  underground 
line,  that  is  not  within  his  own  experience.  Bui,  as  this  line  has 
come  within  my  eipericnee,  I  can  auswer  Mr.  Adams's  question, 
and  I  can  tall  him  that  the  underground  line  that  was  laid  down 
between  Manchester  and  Li\erpool  in  1870  lies  down  there  still, 
and  «*ill  continue  to  lie  down  there  as  long  as  he  and  I  remain 
on  the  surface  of  this  globe.  It  has  succeeded  in  maintaining 
through  all  weathers,  and  in  all  circumstances,  uninterrupted 
communication  between  those  two  gi'eat  centres  of  commerce, 
Liveqiool  and  Manchester. 

It  was  laid  down  in  earthenware  pipes,  and  it  has  been  found 
by  experience  that  it  is  almost  imijossible  to  maintain  intact, 
however  well  they  may  be  made,  the  joints  in  such  pipes ;  and  the 
result  has  been  that,  owing  probably  to  espan  a  ion  and  contrac- 
tion, to  the  subsidence  of  the  giound,  and  to  other  causes,  those 
joints  have  cracked,  roots,  branches,  and  vegetation  of  various 
kinds  have  made  their  way  Into  the  pipes,  and  the  result  has 
been  that  a  large  portion  has  been  replaced  by  iron  pipes. 

There  are  two  great  hiiloiical  points  of  interest  that  have 
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ea  broiiglit  before  us  by  Mr.  Fleetwood.  First,  that  in  theMi, Pr»«* 
year  1823  Mr.  Ronnkia  wrote  a  jmijer  on  underground  telegraphs 
that  would  do  credit  to  any  member  of  this  Society  if  written  in 
4he  year  1887.  It  is  perfectly  astonishing  how  that  man's  instinct 
saw  the  various  troubles  that  were  likely  to  be  met  with  in  the 
construction  of  long  underground  lines.  The  paper  is  to  be 
foQud  in  (he  Honalds  Library;  it  is  a  pamphlet  that  is  well  worth 
studying  by  everj'body  liere.  Secondly,  Mr.  Fleetwood  has  referred 
to  the  works  of  the  late  Mr.  Cromwell  Vnrley.  Now  I  do  not  think 
we  should  ever  forget  the  fact  that  nearly  all  the  advances  that 
have  been  made  in  practical  electricity  were  really  due  to  the 
insight  and  instmct  of  Mr.  Cromwell  Vartey.  As  far  back  as  1848 
he  commenced  to  test  the  very  wires  of  which  specimens  are  here 
before  you,  laid  down  between  tlie  Strand  and  Nine  Elmsj  and 
whilf,  before  Sir.  \'arley's  day,  people  used  to  cut  up  the  lead 
wire  to  find  a  fault,  he  commenced  with  his  galvanometers  and 
rcaifitaTice  coils  to  test  the  distance  of  faults  by  the  resistance  of 
the  conductor,  and  from  that  day  commenced  that  immense 
advance  in  our  knowledge  of  electricity,  when  practical  men 
began  to  learn  the  necessity  of  applying  scientific  methods,  and 
ed  how  to  raeaj^ure  in  absolute  unitM  of  resistance,  eleotro- 

otive  force,  and  currents. 
Gutta-percha  has  been  refeiTed  to  by  Major-General  Webber, 
hot  nobody  lias  referred  to  copper.  Tliere  has  been  just  as  much 
advance  made  in  the  quahty  of  the  co]iper  used  for  our  under- 
ground and  our  submarine  cables  as  in  any  other  branch  of 
telegraphy;  and  while,  curiously  enough,  during  the  \-ia.at  thirty 
or  forty  years  we  have  done  everything  we  can  (o  improve  the 
purity  of  our  eo])per,  we  have,  as  General  Webber  remarked, 
been  deteriorating  the  quality  of  our  gulta-perL'ha.     Now  that 

probably  due  to  the  fact  that  the  demand  has  exceeded  the 
fiupiily,  and  that  it  has  been  impossible,  in  the  markets  of  the 
world,  to  secure  sufficient  pure  gutla-i)ercha  to  meet  the  demands 
made  upon  it.  The  result  has  been  tliat  impure  stuff  from  the 
West  Indies  and  every  other  part  of  the  world  has  been  brought 
in  and  has  been  jialmed  upon  us  as  gutta-percha,  and  the  result, 
been  that  the  quality  of  the  material  Ihat  we  have  used  until 
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'.  PwwjB.  recently  haf-  very  mueh  deteriorated,  and  we  have  aaffcred  m 
eonsetiuence.  But,  in  spite  of  all  tbal,  we  wtick  to  gutta-[H'rcha. 
We  have  used  gutta-percha  now  for  over  thirty  years ;  we  know  it* 
life  and  its  jwculiarities  ;  we  kuow  what  it  can  do,  and  we  know 
what  to  do  with  it.  We  have  tried  everything  else  that  hiu 
been  brought  tn  the  front.  We  have  tried  india-rubber,  and  itbiw 
failed.  India-rubber  is  admirabty  adapted,— ia  the  only  mat4-riul, 
in  fact — for  indoor  purposes ;  hut  when  you  come  to  underground 
and  submarine  cables,  then  india-rubber  utterly  fiiils,  and  gutta- 
percha has  been  successful.  Mr.  Fleetwood  has  referred  tg  an 
article  in  Tfie  En(i>iiem-  eome  thirty  years  ago.  I  remember  that 
article  very  well,  and  I  remember  the  author  of  it.  The  author  of 
it  was  a  Mr.  Charles  West,  whom  we  all  called  "  India-rubber 
"  West ; ''  he  had  only  one  idea  in  his  mind,  and  that  was,  that  there 
was  nothing  like  india-rubber.  Well,  then,  bitumen  has  been 
referred  to,  Bitimien  iu  various  forms  has  certainly  been  tried. 
Some — 1  am  almost  afraid  tosuy  how  many — ^yearsago  Mr.  Donnlil 
Nicoll  introduced  or  started  a.  mode  of  laying  underground  wires 
by  means  of  hitumen.  It.  was  tried,  but  for  some  reason  or  otlier 
Mr.  Nicoll  did  not  succeed ;  and  I  see  he  is  active  at  the  iiresent 
day  in  ihe  umtter,  and  only  a  few  days  ago  he  road  a  paper  on 
the  subject.  Perhaps  some  day  he  may  favour  us  with  his  views. 
But  bitumen  has  gained  enormous  wtrength  in  the  results  of 
Mr.  Fleetwood's  inquiries,  lie  has  brougiit  up  some  wire  thai 
be  has  referred  to  which  is  very  well  worth  your  notice,  because 
you  will  find  that  this  lead-covered  wire  that  has  been  undemeatb 
our  streets,  unknown  and  forgotten,  for  forty  years,  antl  ba^i  now, 
with  Mr.  Fleetwood's  iiiterewt,  been  brought  to  the  surtace,  and 
which  has  been  examiued,  ia  absolutely  perfect.  It  has  all  tlie 
smell  of  pitch  or  tar ;  the  yam  with  which  it  is  covered  is  ae  souoil 
as  it  was  the  day  in  which  it  was  put  there ;  and  certainly  il  is 
one  of  the  most  hopeful  thiugii  th.it  we  have  had. 

Then  Sir.  Fleetwood  has  also  alluded  to  oil.  There  is  b 
new  process  recently  introduced  which,  to  my  mind,  is  vwy 
promising  indeed.  We  tried,  as  Sir.  Fleetwood  described,  Brooks's 
system  on  the  London  and  South  Western  Railway;  it  has  been 
tried  in  .\mericii.     It  has  not  failed,  but  it  has  not  been  very 
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BUccesaful.  I  need  not  enter  iniu  the  reasons  of  itf  partial  Mr.  Pre««. 
success,  but  they  have  been  very  obvious.  But  the  new  materhil 
introdnceil  by  Mr,  Eddison — not  tk''  Edison,  but  a  portner  in  the 
firm  of  John  Fowler  &  Co.,  of  Leeds — which  he  haa  brought  over 
from  America,  is  a  process  of  covering  wires  with  lead,  the  wires 
being  insulated  with  some  such  material  as  Brooks  userl — i.ir.,  a 
combination  of  resin  oil  and  reijin.  Brooks  used  only  oil,  but  in 
tliia  new  process  resin  oil  is  mixed  with  resin,  and  the  material  is 
^Bplid,  not  liquid  as  in  Brooks's  system.  It  has  a  most  remarkably 
^nigh  insulation;  some  samples  I  hat  Mr.  Kempe  tested  a  short 
time  ago  gave  a  result  of  19,000  megohms  per  mile,  which  was 
so  high  that  J  had  some  doubts  of  its  permanence.  The  first 
test  was  made  in  the  early  part  of  the  year ;  last  week  Mr.  Kempe 
tested  it  again,  and  again  the  same  material  gave  exactly  19,000 
megohms  per  mile.  Well,  I  think  when  we  get  materials  with 
such  a  high  insulation  as  that,  with  sure  indications  of  its  ]}er- 
manence,  there  is  some  hope  that  we  have  something  that  will 
make  us  independent  of  fraudulent  gutta-percha. 

It  has  been  said  more  than  once  that  Mr.  Graves  and  myself, 
and  others  of  the  Post  Office,  are  determined  opponents  of  under- 
ground work.  We  are  not.  The  fad  is  that  at  the  present 
moment  we  have  more  underground  wires  in  Englantl  than  any 
other  country.  In  Germany,  up  to  this  year,  they  have  been  in 
front  of  UB.  At  the  eommencement  of  this  year  Germany  had 
22,000  miles  of  underground  wire;  \ve  had  19,000  miles.  At  the 
^-jresent  time  we  ha\e  very  nearly  2.1,000  miles  of  wire  underground, 
^^Hid  therefore  we  liave  gone  ahead  of  Germany,  and  we  shall  go 
ahead  further  and  further.  We  are  very  strong  believera,  and 
always  have  been  very  strong  believers,  in  underground  work ;  but 
there  are  very  good  reason^  why  we  have  opposed  the  indiscrimi- 
nate transfer  of  our  wires  from  open  poles  to  underground  pipes. 
Whenever  a  SDOwstorni  takes  place  of  the  nature  so  destructive  to 
overhead  telegraphs— and  such  snowstorms  take  place  only  about 
every  ten  years — we  can  affoifl  to  see  our  wires  broken  down  and 
^^Buging  about  our  beads,  providing  the  interruption  only  lasts 
for  twenty-four  hours,  for  we  have  so  many  alternative  rontesi.  But 
the  interruption  were  to  last  for  months,  why,  then,  the  matter 
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ifr.p>Mn.  would  be  ratlier  more  serious.  We  have  certainly  come  to  this 
concln^ioD — thai  there  would  be  an  advaotsge  in  placing  some  of 
OUT  tmnk  llne-i  underground ;  and  at  tbe  present  moment  there 
is  a  proposal  before  the  Postmajipr-General  that  will  probabljbe 
Gubmitti'il  to  the  House  of  (.'ominon:>,  asking  for  a  large  Eum  of 
riifmev  in  order  to  put  more  wires  underground.  I  do  not  think 
the  House  of  ("ommons  will  agree  to  spend  two  and  a  half  millions 
on  our  telegraphs;  but,  neveilheless,  there  in  a  proposal  to  that 
extent  afoot  ;  and  if  they  will  allow  us  to  impend  that  money  we 
^hall  be  able  to  ]ilace  our  system  in  a  ]>o?:itioQ,  as  regards  tnuik 
lines  of  communication,  ix-rfectlr  clear  from  snowstorm  damage. 
Our  strong  objection,  however,  to  patting  wires  underground  is 
this — that  while  a  wire  undeigi-ouiid  co^ts  ub,  or  has  cost  up  to  the 
present  moment,  four  times  as  much  as  a  wire  overground,  it  also 
is  much  wijive  comiiiercinlly :  it  only  has  one-foorth  of  the  carrying 
<  jijiaLity  for  the  transmission  of  messages ;  i.e.,  while  you  can  woA 
a  long  overhead  wire  at  ihe  rate  of  400  words  a  minute,  yon  can 
only  work  an  underground  win'  of  the  same  length  at  the  rate  of  100 
words  a  minute,  and,  then-fore,  to  put  a  wire  underground  meanii 
■  ommerciallyaloss  of  fiftpfn-«ixteeiithsofthe\-alueof  awirej  that 
is,  11  wire  underground  is  only  commenially  one-sixteenth  the  value 
of  a  wire  overground,  beiiiuso  it  costs  four  times  as  much  and  lias 
only  ont'-fourili  the  capacity.  Ilul  that  ratio  may  probably  with 
further  esjieriencc  diangc.  Some  of  those  new  materials  and 
processes  may  become  pniclicai  and  cheap.  The  Callender's 
t'ompany  have  introdmed  bitumpii  very  largely  for  electric  light 
puri>oses,  and  vi-ry  promisiiiy  stuff  it  is  indeed.  There  is  a  ho|)e 
that  the  <-o.-!t  will  he  brought,  down  to,  say,  twice  the  cost  of  over- 
ground wire.  J  bid  the  pleasure  not  very  long  ago  of  pointing 
oul  lo  you  that  the  rate  at  whii-li  signals  were  transmitted  through 
a  wire,  was  depeiidi-nt  upon  the  product  of  the  total  resistance  into 
till-  total  capacity  of  the  circuit.  Xow,  if  wc  can  reduce  the  total 
lesistance  by  the  use  of  purer  and  fliicker  coi>per,  and  if  we  can 
reduce  the  total  capaiity  by  using  material  like  bitumen  and  resin 
oil—  whii;h  have  a  much  less  sjieciiic  induclive  capacity  than  gutta- 
percha— then  if  we  reduce  the  ]»rice  one-half,  and  if  we  increase 
the  message  capacity  twice,  we  shall  bring  the  commercial  value 
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of  underground  lines,  instead  of  oll(^-s!steeutb,  as  it  is  now,  to  nt,  Pn«ce. 
about  one-fouith. 

The  value  of  these  papers  from  telegraph  men  who  have  had 
forty  years'  experience  is  not  to  be  ignored.  The  value  of  the 
paper  is  this — that  whether  you  apply  these  systems  over  such 
long  experience  to  the  delicate  currents  required  for  telephones, 
or  whether  you  use  them  for  the  much  more  powerful  currents 
required  for  electric  lighting— and  the  experience  is  exactly  the 
same — the  different  faults  tlifit  telegraphic  or  any  other  currents 
develop,  the  comparative  merits  of  the  different  pipes,  ways,  or 
trooghs  laid  down,  and  of  the  various  joints  that  are  made,  are 
all  leameil  from  the  lessons  of  the  past.  Ho,  whether  it  be  those 
who  are  contemplating  the  distribution  of  electricity  by  direct 
currents  or  by  the  use  of  very  high  tension  indeed — and  the  use  of 
secondary  generators  is  coming  to  the  front  every  day — these 
leBSone  of  experience  ore  equally  valuable. 

Mr.  ALEXASriKR  .Sikmkxs  :  I  want  to  say  ju^  a  few  words  Ht 
about  the  historical  aspect  of  the  subject.  In  1843  or  184G 
Dr.  Werner  Siemens  asked  that  some  gutta-]iorcha  might  be  sent 
to  him  to  Berlin,  because  he  had  heard  of  Ur.  Montgomery's 
commanicat  ions,  and  believed  it  would  be  a  good  insulator 
for  telegraphic  purposes.  In  consequence  of  his  experiments 
he  laid  in  164fi  an  underground  line  between  Grossbeliren 
and  Berlin.  This  line  failed  for  the  same  reasoos  as  the 
English  lines  failed,  the  covering  of  the  wires  being  done  in  an 
unsatisfactory  manner,  and  the  gutta-percha  not  carefully  enough 
lected. 

In  1847  Dr.  Werner  Siemens  constructed  gutta-percha  presses 
whi<^  in  principle  have  been  used  up  to  the  present  day  in  nearly 
all  factories  where  gutta-percha  wires  are  made.  At  the  meeting 
of  this  .Society  on  the  23rd  February,  187fi,  Dr.  C.  W.  .Siemens 
went  fully  into  this  matter,  his  remarks  being  recorded  in  the 
Journal,  VoL  V.,pftge  81.  The  question  of  deterioration  of  gutta- 
rcha  has,  of  course,  conn-  to  the  notice  of  our  firm  as  much  as  to 
ybody  else's,  and  that,  lias  induced  us  to  study  the  subject  very 
carefully,  and  try  to  remedy  it,  and  we  have  succeeded  in 
producing   from   the   present    "  mixed "  gutta-percha  u  product 
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•jfll:':.  .'s  1.01  ••^ii'Af.^t^i  by  aiiv  of  t'-.e  old  ^tta-perclu.  I  voold 
o!;;v  r'-rr.iu'J  •:.•;  m^^'tinsj  of  wi.at  tcoa  of  ihem  know,  probsblv— 
r;.a'  >:ie  six  AJiantic  car  if-  waich  have  been  mannfactared  by 
Mw-rs,  SieiDfens  Kroihers  &Tf  t:.e  longest  i.'ables  worked  on  ihe 
'iufil'-x  iVit^m,  an'l  aI-«  that  th<*  inductive  cajjocitr  of  xhia 
iinjjrovt^d  ^"a-ficrcha  i-:  inucli  lower  than  tliat  of  the  best  old 

Mr.  li.  W.  EwjIhON:  Mr.  ChainnaB  and  gentlemen,— I  faare Terr 
great  li'-iitati'in  in  rii-ing  in  the  presence  of  go  many  person^  who 
ilioii^ughly  understand  the  >nbject  of  electricity  and  telegraphy; 
tint  n>;  Mr.  I'reece  has  called  ujion  me  I  have  pleasure  in  giving 
a  ilioit  (l>'-cri]ition  of  t!ie  cables  to  which  he  has  referred,  and 
wlil'.-li  are  now  being  maniifacture<]  by  my  firm  at  Leeds.     During 
SI  li-ii  I  iriaili*  to  America  a  year  ago  my  attention  was  drawn  to 
a  u<-v  ■ivsti'Di  uf  covering  ele^trii.-  lelegnipb  and  telephone  cables 
with   leaii — the  invention  of  a  relative,  Mr.  James  Tatbam,  of 
Pliilaih;l]i]iiit.    *I   had   special   opjwrt unities  of   examining  the 
iii;iiiuf»i'tiire  and  working  of  thei:e  moltiple  cables,  and  Eatisfied 
invsi;lf  thai   tliey  were   extremely   good,  and   had  considerable 
nd\:nitagi-.-i  over  luaiiy  that  )iad  been  used  hitherto.     I  had  some 
lHlllll■^  tesldl,  and  found  theiri  exceedingly  high  in  insulation  and 
iliTJ'lcdly  low  in  induutive  raiiacily.    I  brought  several  to  England, 
aii'l  the  te-is  made  li';n- by  an  eminent  authority  on  electrical  test- 
ing cijiilirni  ill  evfry  rt-ijccl,  t'lU  tests  made  in  America,  and  I  am 
Miiiguiin'  f  liai  they  will  aid  in  surmounting  someof  tUf  diffioultie* 
cxijerii-iiiiil  in  working   telegniph  wires  underground  of  wliii-h 
wf  have  lit-ard  to-night. 

Till-  caliles  I  refer  ii)  arc  made  of  cojiper  wires  wmppetl  in 
oillon  anil  insulated  with  a  coni)iound  of  which  rosin  forms  a 
|irhiri[ijil  iiif^rwiient ;  t!n-y  are  immediately  encased  in  mollon 
Icail  hy  ]iati-iM  hydraulic  uiachinery ;  the  lead  is  jiut  on  tight, 
anil  the  cahli-  is  liermclically  i-eiiletl,  and  free  from  injury  or 
di-ii'rioratioii  by  (fxjKisum  to  the  damp  atmosphere,  and  thi' 
insulating  material  is  mil  afl">>ded  by  any  variation  intemperaturp. 
('allies  can  In;  Tniiile  in  any  length,  and  covered  with  any  weig!:l 
of  lead,  that  may  be  rei|uirfd.  When  intended  for  telephutii' 
work  they  arc  made  of  from   10  to  100  wires — the  latter  DuuiUt 
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lipine  enclosed  in  a  lead  coveriiiff  not  exceetlme  one  inch  in  Mr. 
(iiami'ter — anil  art"  made  with  an  internal  anti-iuanctton  arrange- 
ment which  1  found  practically  did  awaj  with  the  annoyance 
caused  hy  induction,  known  commonly  by  the  name  of  "  cross 
talk."  Several  of  these  cables  have  now  been  working  suceeae- 
fally  for  upward.s  of  twelve  months  not  only  underground,  but 
under  water,  and  upon  ordinary  poles. 

Allusion  has  been  made  to  the  difficulty  of  maintaining  a 
lead-fovered  underground  cable  in  a  satisfactory  condition;  but 
1  am  convinced  tliat  there  is  not  much  danger  of  failure  in 
consequence  of  the  deterioration  of  the  lead,  but  rather  from 
the  decomposition  or  deterioration  of  the  insulating  material, 
caused  probably  by  tlic  imperfect  manner  in  wbicb  the  lead  may 
have  hitherto  been  applied.  I  have  in  my  hand  a  small  piece  of 
oopper  telegraph  wire  surrounded  witli  lead  which  has  been  in  the 
Uramhope  Tunnel,  in  Yorkshire,  for  upwards  of  thirty-two  years  ;  it 
waj!  insulated  with  tar  and  hemp,  and  placed  in  a  lea^l  pipe.  I  am 
(old  that  ii  was  abandoned,  after  being  used  a  few  months,  owing 
lo  the  failure  of  the  insulation.  The  lead  itself,  however,  is 
jterfect,  the  pipe  being  as  good  as  on  the  day  it  was  made, 
showing  no  injury  from  its  contact  with  the  eartli.  Li-a*!  water 
pil)ps  aro  found  to  be  in  excellent  condition  after  being  in  the 
ground  for  many  years,  and  it  seems  only  reasonable  to  suppose 
that  a  lead  covering  on  a  cable  will  have  the  same  average  life. 

Mr,  A.  Bell:  I  would  just  remark  that  the  essential  feature  Ur. Bail. 

ui  any  dielectric  is  that  it  must  either  have  8exibility  or  elas- 

;ity,  so  that  in  the  case  of  wires  being  drawn  into  pipes  they 

may    be   capable    of    being   handled    without    any    risk    of    the 

^^^electric  being  damaged.     Reference  has  been  made  to  bitumen. 

^Bfow  Iritumen  has  no  elasticity  at  all — i.e.,  in  the  solid  state — and 

^Bt  ia,  moreover,  subject  to  expansion  and  contraction,  due  to  the 

changes   of  temperature;   and    unless   it   were   laid   at   a  very 

considerable  deptli  in  the  ground,  where  it  would  not  be  subject 

to  such  changes,  it  would  not  be  reliable  as  an  insulator. 

With  reference  to  gutta-percha  itself,  I  have  had  abunditnt 
'6p]»orlunity  of  obsennng  how  much  it  decays  at  what  are  called 
the  joiat-boses— at  placeb  where  an  opening  is  made  to  joint  tha 
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f.-Bcii.  wires.  Although  great  precaution  and  every  means  have  been 
adopted  to  exclude  the  air,  j'et  it  never  can  be  done  in  a  perfed 
way ;  and  I  believe,  from  the  appearance  of  the  wire,  that  though 
the  effect  caui^es  a  special  Tailure  at  the  joint^boses,  the  same 
effect  takes  phice  in  a  terser  degree  all  through  the  pipes,  anJ 
will  take  place  unless  the  pijies  are  buried  at  a  great  depth,  and 
every  means  taken  to  prevent  either  currents  of  air  or  wattir 
percolating.  In  fact,  I  believe  that  many  pipes  act  as  drainii, 
and  where\er  that  takes  jilnce  the  gutta-percha  ia  useless  in  ■ 
very  short  time;  and  it  is  difficult  to  prevent  this  unles.i  the 
pipes  are  completely  buried  to  a  great  depth,  and  all  joint-boxes 
and  joints  carefully  made.  The  joint  of  the  socket  pipes,  which 
is  the  general  mode  adopted,  is  perhaps  a  little  defective,  I 
believe  it  would  be  better  to  turn  the  sockets  the  same  as  is  done 
with  water  pi];>es,  so  that  it  could  not  be  possible  for  any  leakage 
to  take  place. 

Mr,  C.  T.  Fleetwood,  in  reply,  said :  Major-General  Webber 
referred  to  the  necessity  or  want  of  ways  or  tubes  through  the 
streets  of  London  to  provide  the  necessary  wires  for  telephone 
and  telegraph  lines  for  the  future.  Tliere  is  no  doubt  that  the 
time  is  arriving  when  such  way^-iwil!  hi-  necessary.  For  iostanoe, 
at  the  present  lime,  what  with  wire  pipes,  pneumatic  tnliee, 
electric  b'ght  pipes,  gas  and  water  mains,  and  hydraulic  ]M>»et 
pipes,  the  whole  of  the  space  beueiith  the  footpaths  on  both  side* 
of  Cheapside  is  fully  occupied,  and  it  will  therefore  be  necess 
when  the  nest  wire  pijw  or  pneumatic  tube  is  wanted,  to 
it  under  the  asphalte  in  the  roadway. 

It  has  been  suggested  by  Mr.  Donald  NicoU,  who  has 
referred   to,  that  the   curbstones   should  be  removed  from  the 
bnsy  thoroughfares  and   sold    for    edging   suburban    footpat 
replacing  them  with  a  hollow  curb  edged  with  cast  steel  (obi 
London  Bridge),  which  should  be  filled  with  wire   covered  wi^ 
bitumen.    He  states  that  in  a  curb  one  foot  square  144  sejt&ral 
and  insulated  wires  may  be  safely  laid,  and  of  course  double  th 
number  by  utilising  both  sides  of  a  thoroughfare,  making  a  t< 
of  288  wires.     We  have  nearly  that  number  already  in  our  3-ini 
and  4-inch   east-iron  pipes,  therefore  something  different  from 
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that    must    ho   i>vovidi;d.     1  would  siiuffe^l    tli;U,  if  suhwav.s  are  ^'t- 
ever  adopted  generally,  there  stioiild  be  one  on  each  side  of  the 
thoroughfare   close  to   tlie  houses;  but  it  is  doubtful   whether 
bouse  owners  would  care  to  give  up  the  siKice  now  occupied  by 
the  vaults  under  the  footways. 

Referring  to  Mr.  Adainti,  I  quite  thought  when  he  commenced 
speaking  that  he  was  going  to  take  up  the  same  arguments  that 
he  made  use  of  ten  years  ago,  instead  of  which  he  charged  me 
with  omitting  to  give  any  information  as  regards  durability. 
If  Mr.  Adams  refers  to  the  pajter,  he  will  see  that  I  concluded  by 
saying  that  I  knew  of  nothing  to  be  equal  to  the  present  system 
for  either  simplicity,  utility,  or  durability. 

I  have  here  a  piece  of  90-wire  cable  that  has  been  down  nine 
yeari',  and  only  just  rei-overed  from  along  Comhill.  The  gutts- 
percha  appears  to  be  as  good  as  when  it  was  put  down.  Here  are 
also  specimens  of  cables  that  have  been  down  over  thirty  years.  I 
was  hoping  that  our  President,  Sir  Charles  Bright,  would  be 
present  and  see  these  old  wires  that  were  i)ut  down  by  him  in 
1852.  The  quality  of  the  gutta-percha  is  excellent.  This 
specimen  is  peculiar,  as  shomng  two  portions  of  the  cable  in 
very  different  states  of  preservation.  The  difference  between  the 
jwrtion  decayed  and  that  not  decayed  arises  from  the  fact  tliat 
one  was  drawn  into  the  split  pipes  unprotected  by  any  covering, 
while  the  other  was  covered  with  two  coatings  of  tarred  yam. 
Where  the  coatings  of  tarred  yam  are  comjilete  the  percha  is 
in  goo<l  condition. 

I  referred  to  gas  as  being  very  troublesionic.  Possibly  you 
may  liave  heard  of  the  explosion  that  took  place  a  short  time  ago 
near  Cliaring  (Voss  Station,  It  was  causetl  by  the  gas  getting 
into  the  split  pipes,  and  tlius  into  the  boxes. 

In  reference  to  mechanical  joints,  a  number  have  been  tried, 
but  they  have  all  failed.  We  do  not  suffer  from  our  joints.  Onr 
men  are  all  able  to  make  what  wc  call  permanent  joints ;  and  when 
the  material  we  are  supplied  with  for  making  joint-s  is  good,  and 
the  covering  of  the  wire  is  equal  to  the  sheet  percha,  the  Joints 
turn  out  well.  Unfortunately  the  covering  of  the  wire  ia  not 
always  uniformly  good.  You  have  heaixl  what  has  been  said  atwiM.^. 
vor«  x\l,  30 
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Mr.  C' -miioun'i--,  iiii.Tturi>»,  antl  tLf  imTirovements  of  late  vears:  they 
•io  nf'T  st^^i-t  U"  in  inaldng  good  joints.  A:>]ihalte  «&.■<  8l«o  refeired 
to  )  y  .Mr.  Adams.  I  odIv  remember  a  few  instaiices  where  I  have 
-f^tn  a-p1mlte  tried.  An  eWtrii-  ligiit  line  was  beiug  pat  down 
i.'i'ng  T'entonville  Hill  a  few  year^  ago,  and  a^  I  watched  the  work 
I  rec-eiveil  t!ie  impression  that  it  would  not  last  long,  i  tfainlcit 
is  there  ^till,  hut  the  light-t  are  not  boming.  Another  electric 
light  line  was  laid  down  Regent  Street  to  Waterloo  Place  in  the 
same  way,  and  tlijit  ajipear^  tu  have  been  a  failure.  A  few  wirei 
invereil  with  bitumen  were  drawn  into  the  iron  pipes  down  St, 
.lames's  ."^treet,  but  tliey  :>oon  failed  in  insulation,  and  bad  to  be 
'Irawn  out  and  wires  covered  with  giitta-jiercha  substituted. 

The  queftioii  in  reference  to  the  underground  line  between 
l,ivf-r|X)ol  and  Manchester  lias  been  answered  In-  Mr.  Preeoe,  who 
lias  also  cinliniic^l  what  I  have  Kaiii  about  earthenware  pipes  being 
unsuitable  for  our  lines,  iron  pipes  having  been  substituted  for 
those  of  cart lienware. 

The  old  line  Iwtweeu  the  Sti-and  and  Xiiie  Elms  is  well  worth 
r.n  •-x.'kmiiiaiion.  1  should  like  to  call  attention  to  the  fact  that 
in  1 1*46  the  Kli-ctriu  Telegrii]ih  Comitanv  started  the  system  tli»t 
I  -til!  Hdvocate — that  is,  solid  cast-iron  |iipes  with  lead  joints.  If 
l;ip  l'-;id  joini-^  an-  niadi-  wi-ll,  Mr.  I'eU's  difficulty  would  not  be 
felt,  )  have  lieard  Mr.  Prei't-i"  mention  hefiire  in  this  room  that 
:;r;  liiiili-igmiDul  wire  is  nniy  eijiud  ti)  onii-sixti'enth  of  an  open 

Mr.  W.  H,  I'kiiw?;:  (.'(jniiiiercially. 

Ml-,  l".  T.  l'i.i:E-nvoi.iii:  Ii  eosis  four  tinii-s  as  much.  The  time 
M  ",!  (.-oinc  wht'n  Mi-.  IVeece  will  alter  hi-*  opinion  in  this  resi)ett. 

Mr.  W.  II.  P[:kk(-K:   I  have  altered  it  already. 

Mr.  '■,  'I'.  I-'i,KKTWiio[>:  .^Ir.  .Mexatider  Siemens  has  referred  to 
1  ii'  irit  ruiluclioii  of  1(111  ta-]i*.'r<.'ha  in  (reriiiany,  and  has  promised  to 
\'  'k  11)1  till'  <liiii'.     I  fiiil  to  iiiid  any  juitent  taken  out  before  184S. 

Mr.  I'Mdisoii  iiK'nt  ioni'il  lead  I  uhe  cables.  1  dnuot  know  whether 
i  •■  i-^  iiwiiri'  llinl  till*  wire  covi-rcd  with  lead  tube  that  I  have  now 
i  f'l-i-  wa-  |>iii  down  about  IHSit,  while  another  piece  also  before 
yuu  wa-i  l;ti(l  in  ]64V>.  I  miglil  point  out  that  the  joints  in  the 
wiri-'-  iT(  ('  tiimIc  iy  I  eiii^  twi-^ted  and  ■^nlderod,  and  each  wire 
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covered  witli  a  piece  of  tape,  the  whole  four  bound  together  with  «'■ 
another  coating  of  tape;   a  slide,  being  a  tube  of  larger  gauge 
than  the  piping,  was  then   passed  over,  and  the  ends  soldered 
don'n.      The  ni>ecinien   can   be   examineii   at   the   close   of  the 
meeting. 

As  regards  the  durability  of  lead  underground,  I  noticed  in 
uncovering  some  of  those  old  tubes  after  having  been  in  the 
pipes  forty  years,  that  the  lead  has  been  allacked,  although  pro- 
tected with  yam,  in  the  iron  pipes. 

Upon  the  motion  of  the  Chairman,  Hie  thanku  of  the  meeting 
were  unanimously  voted  to  Mr.  Fleetwood  for  his  very  interesting 
paper. 

The  following  ^japer  was  then  read  : — 

THE   DRIVIXG    OF   DYNAMl'S   WITH    VEllV    SHORT 

BELTS. 

By  Professors  W.  E.  Ayhtok,  F.B.S.,  and  Jons  Pkrry,  F.R.S., 

Members. 

P  When  fast-speed  machines,  such  as  dJ^lamos,  are  driven  in  the 
nsual  way  by  belting, there  is  a  certain  waste  of  ^Tower  in  overcoming 
the  friction  that  is  set  up  between  the  driven  spindle  and  its 
bearings  by  the  tensions  necessary  to  be  given  to  the  two  sides  of 
e  belt  to  produce  the  required  grip  on  the  small  driven  pulley. 
This  waste  of  [wwer  is  usually  kept  small  hy  using  a  long  belt 
and  putting  the  dynamo  at  a  considerable  ilistance  from  the 
large  driving  pulley,  and  thus  obtaining  a  large  angle  of  con- 
tact of  the  belt  with  the  small  driven  pulley.  Rut  such  an 
arrangement  ia  very  inconvenient  to  employ  on  board  ship  or  in 
the  guard's  van  of  a  railway  train  or  elsewhere,  when  t  he  sjiace  is 
con6ned,  and  a  short  belt  would  always  be  employed  were  il  not 
that  the  small  angle  of  contact  of  the  belt  with  the  driven  pulley, 
that  would  be  produced  if  the  small  pulley  was  pul  close  to  the 
large  driving  one,  would  necessitate  the  tension  on  the  belt  being 
large.  And  this  large  tension  would  cause  considerable  pressure 
on  the  bearings,  leading  to  a  considerable  waste  of  power  in  over- 
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requiring  con^^taIlt  adjustmpnt  of  the  dynamo  to  tighten  it  to 
avoid  p!ip.  And  further,  the  occasional  utrplcbing  of  the  belt 
produced  by  atmospheric  chiingep  would  make  the  helt  slip  wpre 
the  tension  when  the  belt  shortens  ngain  not  fer  greater  than  is 
necetij^arv  for  driving  purpose,'.  Hence  the  average  tension  of 
Buoli  a  belt  must  be  made  to  far  exceed  what  a  simple  calculation 
of  the  necessary  driving  tensions  would  give,  and  the  wssle  of 
power  is  in  conBequence  also  mnch  in  escesa.  Indeed,  this  is  the 
reason  why  belling  is  usually  placed  more  or  less  liorizontal,  tad 
why  long  belts  are  employed  with  the  upper  side  the  slack  side, 
so  as  to  introduce  a  weight  compensation,  as  seen  in  Fig.  1. 


Fio.  I. 

Similar  difficulties  occur  wlieu  an  electro-motor,  or  otber 
fast -speed  motor,  is  u&ed  to  drive  machinery  by  means  of  beltiog. 

Very  many  plana  have  been  tried  of  overcoming  this  difficoltj. 
For  example,  toiucrease  the  angle  of  contact  of  the  short  belt  ffitli 
the  small  driven  pulley,  and  to  keep  the  helt  tight,  Messrs.  . 
Mather  and  Piatt  used  a  liirge  tightening  pulley  with  their  compni't 
engine  and  dynamo  at  the  Inventions  Exldbition,  and  also  now  xt 
the  Munehester  Exhibition. 

In  transmitting  power  from  an  orflinary  pt earn  engine  (u  n 
dynamo,  or  from  an  eleetro-mctor  to  a  tool,  we  have  to  gear  n 
slowly  and  a  fast  rotating  shaft,  and  the  problem  of  doing  thisiii 
II  limited  space  and  with  small  loss  of  power  in  overcoming  friction 
hiiN  led  to  the  many  forms  of  "/rict!.07i  t/eanng"  that  have  from 
time  lo  time  been  devised.     Indeed,  oue  part  of  the  joint  work  io 
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teliiliftrnge  t-aiTieil  out  by  tlie  lale  Professor  Fleemiiig  Jenkin  and 
ounselved  was  the  designing  of  manj  modifications  of  such  friction 
gearing,  or,  »£  it  has  been  called,  "  tieat  gearing"  for  enabling 
power  to  be  transmitted  between  a  slowly  and  faet  rotating  shaft 
bj  means  of  a  pure  COiiple  leithout  side  ilntiat.  To  enter  into 
even  a  short  description  of  these  many  forms  wonld  take  np  too 
much  of  your  time  ;  but  we  may  mention  that  those  interested 
in  the  subject  will  find  descriptions  of  some  of  tliem  in  papers 
read  before  the  Society  of  Arts  and  the  British  Association.  Tlie 
great  objection  to  the  employmeni  of  such  friction  gearing  is  the 
expense  of  construction,  since  adjus-tments  have  to  be  introduced 
to  take  up  the  wear  of  tlie  rolling  yiulleys,  which  is  considerable ; 
Lence,  in  apite  of  the  ingenuity  of  friction  gearing,  from  a 
mechanical  jioint  of  view,  and  of  the  captivation  it  has  for  those 
wJio  are  concerned  with  this  problem  of  transmitting  iiower 
between  slowly  and  fast  rotating  shafts,  it  has  not  come  into 
gener^  use. 

Vou  are  proltably  familiar  with  the  form  of  friction  gearing 
employed  by  Messrs,  Siemens*  for  driving  dynamos.  The  dynamo 
is  balanced  so  as  to  turn  on  an  axis  al  right  angles  to  the  axis  of 
rotation  of  tbe  armature  and  the  dynamo  pulley;  the  pulley  is 
made  of  compressed  iJtti>er,  and  rests  on  the  top  of  tbe  fly-wheel 
of  the  engine.  Tlie  aiTsngeraent  is  good,  since  the  force  pressing 
tbe  pulley  ngsinsl  the  rim  of  the  fly-wheel  is  not  all  transmitted 
through  the  bearings,  but  is  iMitly  furnished  by  the  weight  of 
the  dynamo  pulley.  But  this  form  of  friction  gearing  baa 
ihe  following  objections.  First,  the  [laper  pulley  has  to  be 
i-onttlructed  in  a  very  special  way,  under  bydraulic  pressure,  and 
is  neceswirily  much  more  expensive  than  an  ordinary  cast-iron 
pulley.  Secondly,  the  fly-wheel  of  an  ordinary  engine  cannot  be 
emiiloyed  without  having  first  itn  rim  turned  up  li-iie.  Tliirdly, 
the  axes  of  rotation  of  the  armature  and  fly-wheel  must  be  plm-ed 
accurately  parallel  to  one  another,  otherwise  there  is  a  grinding 
action  at  the  surface  of  the  pa\>eT  wheel,  which  destroys  its  surface. 
Next,  it  is  a  mistake  to  place  the  dynamo  ao  that  the  paper  pulley 

•  Since  tLewhtiog  of  tbin  paper  we  have  learnt  UtatUiitinj^niooB  method 
<4  ilrivin)[  ia  line  to  3Ir,  Bawonti. 
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rest*  OB  the  very  top  of  the  fly-wheel,  siooe  with  this  tLmngemenl 
(here  ia  necessarily  a  side  thrust  on  the  bearings  and  the  power 
wasted  in  friction  at  the  bearings  cannot  be  made  as  small  as  is 
jioasible.  And  lastly,  we  are  told  by  tisers  of  this  form  of  gearing, 
that  there  is  a  tendency  for  the  whole  framework  supporting  the 
dynamo  to  gel  into  a  otate  of  Wbration.  The  reeolt  is  iliat  Hub 
method  is  not  one  by  means  of  which  any  dynamo  can  be 
arranged  so  as  to  be  driven  directly  by  the  fly-wheel  of  any  engiae, 
and  is  only  employed  when  the  engine  and  dynamo  are  coostracted 
so  as  to  form  practically  one  piece  of  muchineiT. 

A  form  of  gearing  employed  for  driving  a  dynamo  witb  a  gu 
engine  may  be  Keen  in  the  City,  and  at  first  eight  this  mighl 
appear  to  be  merely  the  inversion  of  the  gearing  just  described, 
because  in  this  latter  the  pulley  of  the  dynamo,  instead  of  resting 
on  the  top  of  the  engine  fly-wheel,  is  pressed  up  against  it  beloia 
But  allhough  this  makes  a  lesg  cumbersome  arrangement, there  in 
not  any  saving  iu  the  power  wasted  in  friction  at  the  bearing*  of 
the  armature  spindle,  as  there  ia  in  the  Siemens  gearing,  since 
with  the  latter  arrangement  a  force  equal  to  the  sum  of  tlie 
weight  of  the  pulley  and  the  force  pressing  the  pulley  up  against 
the  fly-wheel  has  to  be  transmitted  through  the  bearings.  U  is 
not,  therefore,  necessary  to  consider  this  form  of  gearing  in  detail, 
since  it  is  not  one  that  saves  any  portion  of  the  waste  of  power  in 
the  friction  at  the  bearings. 

We  now  come  to  the  new  method  which  we  wish  to  briug 
before  you,  and  which  consists  in  hanging  the  dynamo  pulley,  L, 
from  a  short  belt  passiug  round  the  engine  fly-wheel,  /■',  as  seen 
in  Fig,  2,  the  belt  being  only  just  long  enough  to  embrace  I  he 
fly-wheel  and  dynamo  pulley  without  the  two  being  brought 
into  contact.  The  dynamo,  D,  as  in  the  previous  case,  is  supported 
no  as  to  tuni  round  an  axis  at  right  angles  to  the  axis  of  rolatioo 
of  the  armature,  and  the  method  of  fixing  the  dynamo  U  as 
follows ; — The  pulley  ia  removed  from  the  spindle,  and  the 
dynamo  ia  fixed  in  a  cradle,  C  C,  turning  on  truuions,  T  T,  in  such 
a  ])Osition  tliiit  the  d^-namo  and  cradle  just  balance.  Then,  if 
I'l'Pt  be  the  pressures  of  the  armature  spindle  on  the  two  bearings 
B,  iJ,,  respectively  nearer  to  and  further  from  the  pulley  end  of  tlie 
dyaamo. 
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^k  P\  +  pt  =  weight  of  armature,  commutator,  and  spindle. 

The  pulley,  which  is  heavier  than  an  ordinary  dynamo  pulley, 
but,  like  an  ordinary  pulley,  simply  made  of  cast  iron,  isnow^keyed 
]|to  the  armature  spindle  and  hung  in  the  belt,  as  seen  in  the 


fto. 3.  PrnoB  iitM  cur  AWix  m raoMT  n  cuiim-T  snow  Cklt>i.«  SMVio»i\n*i'tox'«wa. 
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■.:f  .-•*,  at',  A>.  '.i*  *7.*,1't  »«i^i.*  of  '.Lt  J^'ill^J  i=  i=«fMd  br  the 
r.<^».^r(;^'.  a.'-:  r^'.'.;..y  p,  &r.'i  /.„  &a  'r.<^:<o.'Ww    Ti.-e-  JigII«j.  L^  is  made 


.ii. 


,*  '■ 


i'  iv:f.'.rlji'^  th<  r/iftxiniam  driving  [Airer,  is  eqsal  to  the  veigbt 
i,t  th^  i.iill»ry,  and  art-  Te.ti^allv  tJ-roagii  it*  centre,  together 
■*it.i,  i.t.t:  uHi-.-.-'-.ty  driving  oogtj!*,  T  T,  a«  i^en  in  Fig.  3.  Tlir 
i.'irixftuiiLi  i.'iTiijxiTtHWk  of  iL*:  frri-ions  P  and  Q  in  the  two  sid« 
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of  the  belt  are  in  equilibriura  by  tlipioselvee,  so  that  the  preesurea 
exerted  by  the  spindle  of  the  armature  on  its  bearings  are  pimply 
equal  to  tlie  weight  of  the  armature,  commutator,  and  spindle — 
tbat  is,  are  even  leas  when  the  dynamo  is  receiving  the  maximum 
dri\'ing  power  than  in  the  case  of  an  ordinary  dynamo  when  the 
armature  is  at  rest,  since  our  form  of  belt  gearing,  unlike  any 
ordinary  belt,  communicates  simply  a  pure  couple  to  the 
armature,  instead  of  u  couple  together  with  a  smaller  or  greater 
thrust  of  the  spindle  against  the  bearings. 

And  not  only  with  this  mode  of  driving  need  no  extra  pressure 
bi-  thrown  on  to  the  bearings,  but  the  pressure  that  is  produced 
merely  by  the  weight  of  the  armature  can  be  diminished.  In  fact 
the  pressure  on  the  bearing,  B„  nearer  to  the  driving  ]iulley  can 
be  made  aduaUif  eqiuil  to  nouijht  by  slightly  altering  the  adjust- 
ments in  the  following  way  : — Instead  of  fixing  the  dynamo  in  the 
cradle  bo  that  it  balances  wh'n  the  driving  pulley  ia  removed,  fix 
the  dynamo  a  little  nearer  to  the  fly-wheel,  so  tbat  the  pulley  end 
of  the  dynamo  is  a  little  the  heavier,  and  move  the  eradle,  C  G,  a 
corresponding  distance  away  from  the  fly-wheel,  ho  that  the  pulley, 
when  keyed  on  lo  tlie  arinature  spindle,  and  the  Hy-wheel  are 
projierly  in  line.  Then  the  ten.sions  in  the  two  sides  of  the  belt 
are  balanced,  not  merely  by  the  weight  of  the  pulley,  but  by  this 
weight  plus  any  jwrtion,  or  the  whole,  of  pi  depending  on  the 
exact  iTosition  in  which  the  dynamo  has  been  fixed  on  the  cradle. 
Hence  the  weight  of  llie  pulley  may  be  made  smaller  by  an 
amount  equal  to  the  portion  of  the  pressure,  ^)„  which  is  carried 
by  the  belt,  and  the  pressure  on  the  bearing,  B,,  nearer  the  pulley, 
which,  with  an  ordinary  djTiamo,  is  by  far  the  larger,  can,  with 
this  arrangement,  be  made  as  small  as  we  like,  or  even  nought, 
whether  the  armature  be  at  rest,  or  the  dynamo  be  producing  its 
maximum  power.  The  pressure  on  the  other  hearing,  B„  will  of 
course  never  exceed  p„  which  is  nsniilly  equal  to  about  half  the 
weight  of  the  armature,  commutator,  and  spindle.  And,  since 
the  diameter  of  the  spindle  on  the  side  farther  away  from  the 
pulley  can  be  made  compai-atively  email,  as  power  is  not  tranc- 
raitted  through  it,  the  power  spent  in  overcoming  friction  at  this 
hearing,  B„  will  be  trifling.     Hfnce  the  total  waste  of  power  at 
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the  bearings  can  be  made  practically  nougbt  hj  employing  thin 
form  of  belt  gearing. 

And  furtlier,  this  gearing  has  the  following  advantages  not 
possessed  by  the  Sienien."  gearing : — 

1.  There  is  nu  [)a|icr  pulley  to  be  constructed  and  to 
wear  out. 

2.  The  rim  of  the  engine  fly-wheel  need  not  be  specially 
turned  up. 

3.  The  ases  of  rotation  of  the  armature  and  fly-wheel  need 
not  be  accurately  jHirallel,  as  the  yielding  of  the  belt 
allows  for  want  of  perfect  ]iarallelism. 

4.  The  cmdle  of  the  dynamo  is  low  down,  and  therefore  can 

be  made  steady. 

It  i^  also  clear  that  any  slight  stretching  of  the  belt  will  not 
cause  it  to  become  slack,  since  the  only  effect  will  be  to  lower  the 
pulley  slightly,  ami  incline  the  axis  of  the  armature  to  the 
horizontal. 

To  further  illustnte  this  method  of  belt  gearing,  we  give  the 
actual  calculations  made  for  determining  the  proper  weight  to 
ji;ive  to  the  dynamo  pulley,  and  the  proper  position  in  which  to 
place  the  dynamo,  which  is  now  being  driven  by  a  short  belt  at 
the  Cfntr.ll  Institution. 

Tlif  four  things  to  be  dt'tennined  are — 

1.  Pnipcr  Sine  of  Dyiijtino  I'ulley. 

'J.   Vi-o]'<-r  Weiglit  of     .,  ,, 

3,  Proper  ilistaiice  to  place  Aah  of  Armatui'e  below  Axis  of 

Klv-wliei'l. 

4.  Proper  ilistfiiic-f  to  (ilaco  Axis  of  .Vrmature  to  one  side  of 

Axis  of  Fly-wheel. 
I.  Till-  (lyn;i!iio  in  ijuestion  reqiiires  alrout  fi  lior3e-j)Offer 
when  running  at  1,600  revolutions  per  minute,  and  when  giving 
out  tin-  >iift-  luiixiinuni  nunibt-r  of  wfitts.  The  fly-wheel  of  the 
(iiigiiie.  is  4  i'eet  1 1  iiielic^J  in  diatnetcr,  and  nms  at  180  revolutions 
|jer  riiiiiiile;  tlierL'fore,  in  order  that  the  dyuamo  maybe  driven  hy 
a  belt  dii'tutly  from  the  tly-wlieel,  tlie  diameter  of  the  dynamo 
pulley  must  be 

-    X  -1'  H",  or  6;;  inches. 
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2.     Let  P  and  Q  be  the  tensiona,  in  pounds,  of  the  belt  ou 
the  tight  and  slack  sides  respectively,  when  the  dynamo  is  receiv- 

Iing  6  horse-power,  then 
L  (P  -  Q)  X  1,600  Xtt  X  ^ —  =  6  X  33,000, 


or  !•  —  Q  =  71-3,  say  72,  lbf=. 

If  the  rim  of  tlie  dynamo  pulley  were  in  actual  contact  with 

the  rim  of  the  fly-wheel,  it  is  easy  to  show  that  the  angle  between 

the  belt  on  the  two  sides  of  the  pulley  would  be  105°.     The 

pulley  and  fly-wheel  must  not  touch,  since  they  would  be  moving 

in  opposite  directions  ut  the  \Aace  of  contact,  but,  in  order  to 

make  the  arrangement  compact,  it  is  desirable  that  the  pulley 

oald  be  as  near  the  fly-wheel  as  it  conveniently  can  be  without 

lUching,  therefore  let  us  take  100°  as  the  angle  that  the  belt 

shall  make  on  the  two  sides  of  the  pulley,     Theu,  since  the  belt 

makes  a  tangent  with  the  pulley,  the  arc  of  contact  of  the  belt 

with  the  rim  of  the  pulley  must  be  180"  -  100°,  tliat  is  80°,  or 

4 

-  TT,     Therefore,  if  P  be  the  tension  of  the  tight  side  of  the  belt, 

E7 


^; 


L 


By  and  Q  that  of  the  slack  aide,  B  C, 


^  =  e"-'J 


*      —  1 


ftnd,  as  just  shown,  P  —  Q  equals  72  lbs. 
■      Therefore  P  =  169  lbs., 

and  Q  =  97  lbs. 

By  the  triangle  of  forces  it  is  seen  that  the  resultant  of  P  and  Q 
equals  180  lb><.     Therefore  if  the  dynamo  is  so  placed  that  half 

^Bhe  weight  of  the  armature  and  spindle,  which  is  —    lbs.,  is  borne 

^Bly  the  belt  as  well  as  the  pulley  itself,  the  weight  of  the  pulley 

^Bonst  equal 

H  180  -^i,  or  133  lbs., 

and  a  pulley  of  this  weight  was  cast,  and  is  at  present  in  use  ou 
^■^e  dynamo  al  the  Central  Institution. 
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armnture  eliould  bo  placed  beluw  and  to  one  i^ide  of  the  axii  of 
,  rotiitiou  of  the  flj-whee!,  we  liuve  tlie  coudition  that  the  horizoDtal 
comiiQiients  of  the  tensions  on  the  two  sides  of  the  belt  should  be 
e'lutil  and  opposite  in  order  that  there  may  he  no  sidp  thrust. 
HeiR'c,  if  a  and /9be  the  angles  that  the  two  sidesof  the  belt  make 
with  the  horizontal  (^Kig.  S), 

P  coa.  u  —  Q  COB.  j3, 

COS.  a  Q 

"%o^  =  -J 

=  0-574. 
And  since  the  angle  bt-tween  the  two  uides  of  the  Ix'lt  is  100°, 
.'.  a  +  y9  +  100°  =  180°, 

or  ^  =  80°  -  a, 
.:.  C08,  a  =  0*574  COS.  (80°  —  a), 
and  ex^mniling,  we  have 

,  1  -  0-574  coft.  80° 

'""•"=-0-o74^«i-7,.80" 
=   1-59, 
.-.     a  =  57°  50°, 
iind  /3  =   22°  10", 

Pliitling  llicsf-  ri'>iilt<  lo  r^c;di-,  h.  u:  rmiiid  iJiiil  tlie  distance  of 
the  feiitiv  iif  llii>  dyiiiiiiU)  [niJley  lii'lmv  tiii'  ci'iitrr  of  thi'  fiv-wlnvl 
inust  be  2  f.'i't  SJ  tiirliv-.  ami  tlie  di-^fiUU't'  sidi-ways  lOi  JTit'licti, 
a  ri'snit  wliii/li  is  ;il-.i>  i-i.ijtirmi.'il  liv  raWuluiiim.  And  this  is  llic 
[losittoii  ill  vvhiili  till-  dvTiaiiio  was  pliircil  sumi-  ^i\  numlJis  jujo. 

As  11  jjionl  111'  our  I'linscrvativi'  familiaril  v  with  tlie  nrdimirv 
iiH'tlioil  (if  ill) villi,'  !i  dyiiatin',  instead  of  with  the  ]iiinci](tcs  of 
belt  f;c'aritif(,  tin.'  lii>t  ivniaik  iiiiidc  bv  aliimst  rviTy  om-  who  hin 
si-cii  the  iii'W  grilling  is,  that  the  belt  must  slip  very  miit-h.  As 
a  niattiT  nf  fart,  liowevt'r,  so  far  from  thi-ro  being  any  serious  slip, 
cxperiincnt  slimvs  that  the  dynainn,  when  giving  nut  its  (naximum 
jiDwer,  rotates  a  liUle  faster  than  tlie  ealculati'iu  makes  it, due  of 
eourse  to  (lie  diameters  of  ihe  fly-wheel  and  pulley  not  being 
exactly  as  stated  in  Hie  ealenlation. 

We  need  not  dwell  here  nn  the  faet  that  ropes  miiv  be  used 
instead  of  heli-^.  Attain,  when  a  number  c)f  dynamos  have  to  be 
di-iveii    fi"iii  cue  Ih-wheel  ill  a  eonlined  spaei*,  one  driving  Iwh 
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iniiy  bti  u^'''(l  for  all,  and,  by  means  of  guide  pulleys,  arranged  so 
that  each  dynamo  pulley  lies  on  the  belt  between  two  guide 
pulleys,  the  imrt  of  the  belt  on  one  wide  of  each  dynamo  pulley 
being  nearly  horizontal  and  on  the  other  side  nearly  vertical. 

Mr.  Alexaxder  Siemens  :  I  do  not  want  to  disclaim  in  any  "||'„..i, 
hostile  spirit  the  friction  gear  which  Professor  Ayrton  has  just 
now  condemned,  which,  although  called  "  Siemens,"  was  originally 
designed  by  Mr.  Kaworth,  who  was  nt  the  time  acting  as  our 
agent,  Tn  reply  to  Professor  Ayrton's  criticisms,  I  would  say  that 
by  balancing  the  cradle  and  dynamo  without  the  paper  pulley 
you  can  get  the  bearing  entirely  free  from  any  pressure  due  to 
gravity,  just  as  he  described  in  the  case  of  his  own.  Then, 
although  in  some  of  the  small  dynamos  the  weight  of  the  paper 
pulley  is  quite  sufficient  to  produce  the  necessary  friction,  in 
most  cases  rods  and  springs  are  provided  to  increase  the  friction. 
In  judging  of  gear  like  this  it  should  be  borne  in  mind  what  it 
has  been  designed  for.  Professor  Ayrton  has  spoken  of  the 
difficulties  in  getting  pa])er  pulleys:,  but  they  can  be  obtained 
as  easily  as  ordinary  pulleys,  and  to  get  a  wheel  turned  flat  for 
any  particular  puqwse  you  have  simply  to  give  the  order  to  the 
maker  and  he  will  do  it.  I  may  tell  you  that  we  have  supplied 
one  single  comi>any  with  20  sets  of  this  friction  driving  gear; 
we  have  it  adapted  for  from  4  to  40  hoifie-power,  and  everybody 
likes  it,  especially  so  because  the  engine  which  is  driving  the 
arrangement  can  be  of  the  ordinary  ty^je. 

There  is  no  doubt  that  the  most  desirable  way  of  driving 
dynamo  machines  is  by  direct  coupling,  only  then  you  rec^uire 
such  a  eomjilicated  steam  engine  that  a  marine  engineer  does 
not  like  it,  and  therefore  Mr.  Rawortli  designed  the  friction  gear 
so  that  it  could  be  used  on  board  ship  and  with  a  steam  engine 
of  one  of  the  various  forms  of  simple  construction. 

Mr.  J.  S.  Kawortii:  As  being  the  original  designer  of  the"'-  .. 
form  of  friction  gear,  I  have  just  one  or  two  words  to  say.  jMr. 
Alexander  f^iemens  is  wrong  in  sup^iosing  that  it  was  gathered 
in  any  sense  from  "  nest  gearing,"  because  I  think  he  will 
remember,  on  going  back  to  the  time,  that  it  was  anterior  to  the 
advent  of  any  form  of  nest  gearing. 


u$ 


DIUVIKli  OF  DYXAWOS  WITH  SHOUT  BELTK,   'MbJT 


^Ic.  Alexandek  Siemess  :  I  simply  wanted  to  remind  yon. 

^Ir.  Rahortti:  Exactly.  The  X'^incipal  point  that  .«trike« 
me  ahout.  the  form  of  gearing  before  us  is  that  it  does  not  quite 
t-ome  lip  tn  the  descrijition  that  has  been  given  of  it  as  being 
ft|iplicable  to  any  form  of  steam  engine.  Professor  Ayrton  hos 
not  shown  us  on  his  drawing  the  .--team  engine  which  is  supposed 
to  be  driving  the  flywheel ;  but  it  appears  to  nie  tliat  it  must 
either  liP  ^  horizontal  engine  packed  up  with  about  five  feet  of 
brickwork,  or  it  must  be  a  vertical  engine  wiih  the  cylinder 
above  the  diagram,  or  it  must  be  one  of  the  old-fashioned  vertical 
engint*!  with  a  cylinder  down  on  the  floor  and  the  crank  above. 
Now  we  all  know  very  well  that  that  form  of  engine  has  gone 
completely  out  of  use,  and  one  cannot  be  obtained  now,  except 
specially ;  and  when  you  get  it,  it  is  a  very  much  more  expensive 
form  of  engine  than  the  ordinary  inverted  engine  with  cylinders 
on  the  top,  because  large  framing  has  to  be  employed  to  make 
the  crank  shaft  anything  like  .-.teiidy  when  working  at  our  UBua) 
high  speeds.  Jlr.  A,  Siemens  has  said  that  the  question  of  the 
price  of  the  pulleys  in  friction  gear  is  not  serious,  because  in 
Lancashire  you  can  buy  pajjer  |iulleys  almost  as  readily  as  caet- 
iron  pulleyjj.  But  when  you  come  to  the  ijuestion  of  cost  you 
Iiave  to  eoni-ider  that  the  cast-iron  pulley  shown  in  the  diagrsii) 
is  a  solid  pulley  which  would  have  to  bi-  cast  with  a  large  head  of 
metal,  making  the  weight  perhaps  twice  !is  much  as  that  of  the 
finished  article;  and  therefore,  when  thia  is  taken  into  account^  I 
think  it  would  cost  ju^t  about  as  much  as  the  pajier  pulley ;  and 
when  you  come  to  the  iine&lion  of  steadiness  it  is  very  much  the 
same  as  in  the  friction  gear,  and,  if  one  is  liable  to  vibration,  the 
other  would  be.  In  the  early  days,  of  cooTBe,  some  dynamos 
vibrated  a  little,  but  the  cause  of  that  was  that  they  were  not 
so  well  balanced  as  now,  and  I  know  ])lenty  of  cases  where 
dynamos  are  running  ]tei-fectly  well  without,  vibration  imd  «t 
considerable  speeds  without  any  difficulty.  ^H 

t  wonld  point  out  for  the  benefit  of  members  of  the  Society 
that  the  chalk  diagram  [ekotini  on  lionrd  hy  Mr.  A.  Sifmenal 
showing  my  ai-rangemenl  of  friction  gear  is  not  exactly  correct. 
The  shaft  which  is  on  the  left-hnnd  side  should  really  extend  on 
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tie  richt-Iiam]  side,  underneath  the  dvnarao,  and  llie  off  end  of  Mr, 

le  shaft  should  be  shown  on  the  left-hand  side.     H  will  now  be 

•en  that   the  engine  and  dynamo,  as  far  as  ground  gjince  go, 

occupy  pretty  iiiufh  the  same  room,  and  that,  you  do  ui.>t  have  a 

^    separate  space  for  the  engine  and  a  separate  wiiat-e  for  the  dynamo, 

^l)ub  that  the  Iwo  stand  nearly  upon  the  same  base.     Of  course 

the  plan  that  Professor  Ayrton  hai*  shown  ns  is  very  inlereating, 

but  we  cannot  thoroughly  understand  its  relative  merits  without 

iving  the  engine  shown  ou  the  same  plan,  that  we  may  see  what 

:e  the  two  take  up  together. 

I  would  call  your  attention  to  a  suggestion  at  the  end  of  the 
sr  that  a  number  of  dynamos  might  be  i>ut  in  a  row  and  driven 
one  stnt]i  going  over  a  guide  pulley,  down  on  (he  dynamo 
pulley,  and  up  over  another  guide  pnlley,  down  on  another  dynamo 
pulleyi  and  so  on,  to  a  eonsidei'alile  nuudter  in  series.  Now  I 
think  it  is  obvious  that  if  that  were  done,  aud  the  power  put  on, 
the  first  tlynarao  would  tip  up  on  end,  the  hecond  dyniinio  would 
HASBume  an  inclined  position,  and  only  the  last  dynamo  of  all 
would   work    under    the   conditions   that    Professor   Ayrton   has 

(designed  to  be  correct. 
Perhaps  my  meaning  would  he  I'learer  if  1  said  that  the  strap 
bi  iMKsiug  over  the  pulley  of  the  first  dynamo  should  have  enough 
pall  to  drive  all  three  or  four  dynamos  in  succession  ;  that  on  the 

I  second  dynamo  pulley  the  pull  on  the  strajj  would  be  reduced  by. 
Bay,  one-fourth  (if  there  were  four  dynamos);  on  the  third  pulley 
St  would  he  ledueed  to  one-half;  aud  ou  the  last  pulley  it  would 
only  have  the  pull  required  to  drive  one  dynamo  ;  and  therefore 

iin  this  aeries  niTangement  thi-  moment  the  power  was  put  ou  the 
first  dynamo  would  sit  up. 
I       Mr.  GiSHEUT   Kait:    The  pajier  is   n  very  remarkable   one,  «».  i»p 
t)ecause  il  seems  to  contradict  our  old  notions  about  belt  friction. 
The  authors  have  assumed  in  their  calculation  a  I'oefficienI  of  '4 
for  the  friction  between  the  belt  and  the  pulley.     This  is  a  larger 
coefficient  than  usually  assumed.     I  have  looked  up  the  tigures 
^■in  various  works,  and  lind  the  following: — Rankiue  gives  -235; 
H  Wiesbach,  *28 ;  al.ferman  technicid  book  called  "  Hiitle,'"whiehis  a 
^utundai>l  work,  gives  -29.     Practical  engineers  are  in  the  habit  of 
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;.',',,  ■■  "  -.',';  '■"/.■■,  :  ■  •  .-  ■,*-;,■-,  -■,■  -;,--■  -.".-  ^^'^iIt  L'l'"-  '.■:•  Tp~" 
'/".  :-.  :....•■■:  .:■■  '.r.j  <r  '■:  40  -.'  ■■-,-r.*.  "::.■-  '^■^\S'-'  ■'■'■  "-■?  -^Triaic?. 
W;.a*  ;'.' -  v..'-  ::.•:'•.:,  ':  I"  .'.'.■r'lriT  ":.v  ;.vi  a— st  niakeas-jlii 
(■;:-'-;."r;,  j. ■;;.'■'.■.  -y-'.-t../  .■.-•■,■.;.■.  :-.r.  i  r':r.iijr;j  nb'o'-T^lv  trze  ar.i 
1,.';, :;(-•■'-:.  I'  j-  I,' T*  *  .  j ::,;:.- -.'V >*  ■  i'-"  :i  t-{i--iiig  of  th:?  ca":^"^ 
ii'.-'. .■.*':.■.-  -•.■.i,'i  ■;..'■/;;,', .o'^'.  fci.d  '"iiial'v  'leu--  all  ov^r;  fo  tbai, 
:i  :^,'.^.;^■.  v.'.  jin-.w  Tunr.-  'fi'-  iiullty  2*:rjm'^*  ri'vallv  true,  and  to  all 
iij.(.":ii;i:,-'r"  l.!il:i.'i'''-'i,  i'-  <-<-iit,re  of  ^ravi'y  will  not  b*  in  the  axif. 
(  l,ii  ,<■  I  ri'-'l  I'-  itmi:-  'Kniiifio  f?y-w!:fr'^!i  of  ca*!  ir-jn,  hut  liare  be«i 
'i-i,ii;i'l  t<.  ■•'f.i-  f ),i-  ijji,  liCf-;iin:«;  it  i>  -imjily  imjjf— ihte  to  get  tbe 
'!<-(i-iiy  nf  III':  j(i';t,iil  ill)  ovi-r  xhn  r.-a-ting  tii'f  i-auii*.  I  now  make 
It.':-''  Ilv-.vli'-i-j-  of  -ti;i-l  iKiiltT  jiliitt*,  wliifh  i-  a  [if-rfectlv  Lomo- 
i;i-tii-'.;i  itiiitdial,  aii'I  t.lii-  wiii—!,  hy  lurninj;  it  all  over,  can  be 
iiiJi'li'  !■■  run  titii-  iiii'l  j.''rft-iily  in  1  ml  an '_■'■.  T!ii-  (?x]feri<'ijpe  wiiL 
'Iv/iJtiii''  li-.-K  l]i;''h  li-;i'i-  Ti]i'  to  Ivlii'Vi'  iLal  il  ivoiilil  he  iinpo-siH'- 
l'l  rji;il:i-  ■<  ]iiilli'V  of  '■ii-(  iron  to  fulfil  tlif-  <-oinlition-  of  this  gean'iii; 
wit!. '.Ill  ;ii  llii-  .-;irtn-  tinn- f  on  ai-coiiiil  of  a  want  of  balance)  tbrow- 
iri'j  f;ii-  lii-iivi'-i-  ^iraiti-  iijjoti  tin-  bfariiigji  lliaii  tlio>e  wliii-h  tlic 
(iiiUi'ir  '  afrriti^''rin'nl  i-  iiit>'n'|i-fi  to  eliminate.  There  will  thu? 
Ill-  rii'irr  IVi'lion  inlrofliictr'l  than  ilie  very  small  amount  which  i:* 
iiiirn<iii|.ilil'-  in  tin;  r.rilinary  way  <)f  lieltHlriving. 

|*ri.ri--cir  \V,  l'^  AvKToN,  in  ri-|ily,  >aiil :  I  must  express  m\ 
ii-j;ii'l  Ili;i1  in  nw  |i;i]ii-r  wi'  Ikivi'  not  fallcii  llii-  Siemens  gennn/ 
liy  Hji-  ii.iini-  of  its  triK'  iini-nliir,  Mr.  Hawnrlh;  but  having  alwav 
hciiril  il  s]Hjki'ii  ()!'  i1^  llii-  "Sii'inens  gearing,"  we  were  not  awiir' 
niilil  l-i-iiiglil  tliiit  it  was  to  Mr.  IJjLworlh  lltat  the  ingenuity  <f 
tfi;il  ;iri;itit;etnenl  was  due.  [1  is  only  tin)  ]n"olial)le  that  mvrougli 
.liiilk  ^-Lvli'li  iin  lin-  black lioiu'il  is,  n:^  Mr.  Itaworth  jioints  out,  in.'t 
(■ijiii|ib-te  in  all  IN  ilediils  ;  but  i  diiluot  attempt,  when  it  was  y.i 
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ten  o'clock,  to  make  a  working  drawing,  and  my  sketch  must  be  pp 
Qoderstood  as  being  merely  suggestive  of  the  Raworth  gearing. 

I  do  not  follow  Mr.  Siemens  in  seeing  how  it  is  possible  t» 
have  no  objectionable  side  thmat  if  the  |>aper  pulley  he  put  on 
the  top  of  the  fly-wheel,  as  I  have  always  seen  it  done  with  the 
Siemens,  or,  rather,  the  Raworth  gearing,  [t  ought  to  be  put 
slightly  on  one  side  of  the  fly-wheel,  and  not  on  the  top.  The 
initial  cost  of  a  i»aper  pulley  may  not  be  ao  very  much  greater 
than  that  of  a  cast-iron  pulley  such  as  we  employ ;  but  the  cost  of 
maintenance,  which  is  rather  what  we  refer  to  in  our  pa^Ter,  is,  as 
far  as  my  experience  goes,  certainly  far  greater  for  paper  pulleys 
than  for  iron  ones.  Mr.  Siemens  says  that  you  can  order  the  fly- 
wheel of  an  engine  to  be  turned  true  wheu  the  engine  is  being 
made.  That  is  so,  but  if  you  have  to  deal  with  an  ordinary  engine 
in  position  it  is  by  no  means  such  an  easy  matter  to  get  the  fly- 
wheel traed  up.  It  would  have  lo  be  taken  off  the  engine  and 
sent  lo  the  manufactory,  and  even  then,  as  it  would  not  havu 
been  turned  upon  the  engine  shaft,  it  would  probably  be  found 
to  be  out  of  truth  when  keyed  on  subsequently. 

The  engine  that  is  being  employed  to  drive  the  dynamos  at 
the  Central  Institution  is  not  a  special  nor  an  antiquated  form,  as 
Mr.  Raworth  seems  to  think,  nor  is  it  raised  on  eight  feet  of 
brickwork.  It  is  one  of  Marshall's  semi-portable  compound 
engines,  and  was  bought  second-hand  at  the  sale  of  the  stock  of 
the  Hammond  Company,  in  whose  factory  it  had  been  in  regular 
use  for  di'iving  dynamos.  The  engine  is  fitted  with  two  fly- 
wheels, one  on  each  side,  one  being  employed  at  the  Centnil 
InstitutioD  to  drive  coned  shafting.  From  this  shafting  several 
dynamos  are  driven,  and  the  speed  of  any  one  of  them  can  be 
varied  between  wide  limits,  without  affecting  the  speeds  of  the 
others.  From  the  other  fly-wheel  hangs  the  balanced  dynamo, 
as  fihown  in  Fig.  2;  and  the  engine  is  not  mounted  on  eight 
let  of  brickwork,  as  suggested  by  Mr.  Raworth,  hut  the  dynamo 
is  placed  in  a  shallow  hole  dug  out  of  the  floor  to  receive  it  with 
its  cradle  on  which  it  rests.  In  the  figure  2  the  hole  in  the 
floor  is  intentionally  shown  much  larger  than  it  really  is,  in  order 
that  the  cradle  supporting  the  dynamo  may  be  clearly  seen.     I 
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tij  hHITtS-J  OF  I>rxJUIb6  WTXH  EHOKT  BEUX.   Tlij  ■>. 

•  .,.'.K,  ■,:.^:.,  -jji:  sr  s-i-  j::.-,;:i-e«i  ia  ^J^g  ^^^^  C'Or  fooB  tf 
i!-'.r.:.d  '.'  ii;.:-.i  r»' Ir  -.  >  ^.'.v  vr'i&i.-j-  :">rT3  of  ?'.«>m  enciai*; 
V  .'■:•■''.■  '•.'-.  iu*'^r:.  grirlr-z  U  -l-v  fc!:.jr;oT«i  wLen  lii-f  eteii>? 
..;.  i  ,v.-.!s  -y  4--*r  '  j:;-t."-I  -•  a^  TO  :->na  |>Tac.icaiJT  (-hIt  od* 
;..':  ".  '/!  ;.■,>.';:. ..'.-.-V.     .Mi-  r-a->ii  :"jr  ir'>5.ri'i*Tin5  tLai  o".ir  giving 

■;>'.':.  'i'i.i:  »:.•-  'Ivr.a:;,  i  a:ii  cra/i."  arf*  .ow  oo'jrn,  wLii^  viih  iiu 
■ :  '■■;  ft-'':  H.'y  .r.*— J  -frv-ral  f-^'.  uij  ili  iLe  nir. 

A-  •'/  Mr.  IU-.v/.Hj'-  ■ri'.i'.i-in  iLai  if  inaov  .lynamo?  wew 
i;.;.'.-!j  ■/.!'.'i  'fN'-  '■<':.■  ■!.'  ro|«**,  a-  7-n2gf?ie<i  a*  ihe  en<i  of  oar 
\>--\''-'-,  '''■■■':  'i/iia!ii'»-  Wf>u!'l  \\\i  uj»,  I  merely  rejilv  that  ii  i*  ■ 
-iK.jii'-  ',it-ti''ii  '-f  tiii'ru'ation  to  a(lju>t  the  Hnglpr^  of  the  belts 
•■\:%<\  rii"  A'-i'glii-  uf  t:.'-  |iull*-y-  *■>  tlmt  thi-  tm-iuiir-  in  the  rarioiL* 
jp.ui-    >iS  tin-    li'-lt    >!ihI1   iii(-r'-ly   ijroluce  ihp  nect-s^ary  dririn^ 

■  'I'ljilf:  Jiji'i  it  ^"1  '"f  fon.f-i  resjipclively  »^jual  and  oj^po^ite  to  the 
iv.i^lit-  i.f  i!i>-  *ariou-  ilyiiaiiio  i.ulley-  or  to  the  weights  of  these 
|..ill.-y-  jiliiT  aiiy  |i'irti'.ii:^  of  the  weight:-  of  the  armatttref,  which, 
;i-  i-x)ilriijjci|  ill  .,iir  \i»\>fx,  may  be  cameil  aI?o  by  the  beU.  In 
fji'i,  if  ili>'  rii'-lh'nl  of  'ali.'ulat ion  ilp.-cribed  in  our  ])a|>er  V 
I'lll'ivvi'l,  nii'i  iln*  viui'm^  [larts  of  the  belt  be  uiiide  to  have  tlif 
iiiil^li-  ;{i'.i-ii  liy  i[ii-  ("ilculalioii,  ntid  hIm)  the  imlleys  their  proi^er 
wi-jMhr-,  iln-rr-\vi!l  !ii-  im  lipiiing  !i<-t)iiii  Mieh  as  Mr.  Raworth  fear;. 

Nr-M,  ill  i'.-|ily  ii>  Mr.  Kiipij:  I  rio  tint  iii  all  f.illow  him  when 
|j.' .-;iy-  T!,;ii    llriTikiiK- ;(ivf>  0-2;J.j  for  ilii-  i-offticicnt  of  friction. 

■  iij'i'  w-  tiinl  ill  iliiiildtif  IV.jfi  for  lent  her  on  dry  metals,  and  O'Sfi 
Irii  lr-,iili.r  rill  Wfl  iin'liils.  Kurthi-r,  Kiiiikine  i-w^»  thai  forilif 
ij.'iiiTiil  iJiiviiijj  iif  iJH-tai  jmlleys  by  Iciithfr  belts  it  is  quite  >jife 
1'.  I;ik<-  M--I2  N-i  the  cornifient  of  frielioii.  Xow  this  is  aelii:illv 
A  l.ii^lii-r  uuirslier.  iimi  not  a  lower  one,  than  tlie  eoeffieieiit  nf 
frietiiiti  vve  have  eitnihiyeil  in  imr  ciileiihitioii.  Mr.  Kniii/s 
.■iiliii!;ilii.(i  IIS  to  the  neeessary  weigh!  lo  give  to  the  puUev  I 
(lieielore  ilo  not  ii^-enl  to.  Htit  even  if  he  were  eoiTect  ill  his 
\;ilin'  of  r!ie  eoeflicieiil.  of  friction,  iiml  even  if  it  were  iiecessarv 
lo  lian-  Mieli  a  heavy  [mlley  as  he  inrikes  out,  there  wouKl  not  be 
ilii-  ili>ailvaiilage  tlmt  he  itiingines,  ^inee  a  heavy  [iidh-y  ami  a 
heavy  lly-wlieel  may  he  miule  in  very  ilifferent  ways.  A  pulley 
may  he  in;ule  heavy  hy  yulliiig  the  ums:^  near  the  aiis ;  whereas  a 
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fly-wheel,  to  have  a  considerable  moment  of  incrtiH,  must  have  its  ?"•(«*■' 
mass  far  from  its  axis  of  rotation,  and  it.  is  only  then  that 
inequality  in  the  density  of  the  metal  becomes  serious.  Then 
bear  iu  iniml  the  weight  of  the  heavy  pulley  is  not  borne  by  the 
be-arings  of  the  ilynamo  ;  llie  pulley  simply  rests  in  the  belt.  In 
fiict,  the  hea\'ier  it  be  necessary  to  make  the  pulley  for  efficient 
driving,  the  more  valuable  is  our  arrangement,  since  the  weight  of 
our  pulley,  which  is  carried  entirely  by  the  belt,  and  which  therefore 
exerts  no  pressure  on  the  bearings  of  the  dynamo,  is  under 
ordinary  circumstances  replaced  by  the  pressure  eserted  through 
the  bearings.  No  greater  pressure  on  the  belt  is  required  by  our 
method  of  driving  than  by  any  other  with  the  dynamo  equally 
near  the  fly-wheel;  the  only  difference  is  that  in  our  case  we 
produce  the  pressure  on  the  belt  golel;/  by  gravity,  where  as  usually 
it  is  wholly  transmitted  through  the  bearings  of  the  dynamo, 
producing  a  corresponding  amount  of  waste  of  power  in  friction. 

The  Chairman  :  Gentlemen, — This  is  the  last  meeting  before 
the  recess,  and  I  think  you  will  agree  with  me  that  the  session 
has  so  far  been  a  successful  one,  for  we  have  had  important  papers 
on  a  variety  of  subjects,  and  several  of  them  have  led  to  dis- 
cussions of  full  length ;  on  the  whole,  I  think  we  have  had  an 
exceedingly  interesting  and  successful  session. 

A  ballot  took  place,  at  which  the  following  were  elected : — 

Musgrave  Heaphy. 

Aasociatea : 


Ernest  L.  Berry. 
James  Davey, 
Alexander  Hill. 


StudeiUs : 


Alfred  H.  Dykes. 
Walter  Chas.  Garrard, 
Charles  G.  Lamb. 


J.  E.  Kingsbury. 
Walter  Palmer. 


John  Henry  Tonge, 
Chas.  Henry  Veaman. 


The  meeting  then  adjoumnd  until  November  10th. 
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ORIGINAL  COirmjNICATIONS. 


THE  RESISTANCE  OF  FAULTS  IN  SUB.^IAKINE  CABLES. 

The  following  comniniucatioii  ha*  been  receiTed  from  Mr.  A.  E.  Keiinellj 
in  reply  to  aamn  of  the  remarks  ia  the  diaciuaion  on  liii  paper  rood  ou  tbe 
Mlh  March,  wlien  he  was  aliaent  from  Englanil. 

It  can  hardly  be  doubted  that  the  ap)>areiit  resistance  of  u 
ejqjosed  end  buried  in  mad,  differs  from  that  which  it  would 
offer,  caieris  paribus,  if  freely  exposed  in  sea  water.  It  may, 
perhaps,  be  safe  to  say  that,  generally  sireaking,  buried  ends 
offer  higher  and  more  variable  resistances  to  tests  with  the  sine 
pole  to  line,  and  lower  steadier  resistances  with  the  copper  pole 
to  line,  than  is  ordinarily  met  with.  This  ig  easily  accounted  for 
by  supposing  tliat  with  zinc  to  line  the  hydrogen  evolved  on  tbe 
exposure,  being  more  or  less  completely  imprisoned,  tends  to  seal 
up  the  fault,  while  with  copper  to  line,  salts  of  copper  only  being 
formed,  the  closer  connection  of  the  conductor  with  the  earth 
more  readily  reveals  itself.  It  may  be  mentioned  that  out  of 
thirteen  different  series  recorded  since  February,  1886,  on 
different  broken  cables — six  of  which  appear  in  the  paper — only 
one  series  failed  to  give  a  good  and  ui-eful  set  of  readings.  In 
this  particular  case,  the  resistances  of  all  currents  with  the  zinc 
pole  to  line  were  too  variable  to  observe,  and  did  not  seem  to 
follow  the  law  of  inverse  square  roots  of  currents ;  but  with 
copper  to  line  a  series  of  very  steady  readings,  with  currents  from 
1  to  25  milliamp^res,  was  obtained,  in  which  the  resistance  of  the 
feult  followed  the  law  not  accurately  but  fairly.  This  broken 
end  not  being  recovered  in  the  repair  which  followed,  it  is 
impossible  to  speak  with  certainty,  but  it  is  probable  that  the 
&nlt  at  the  time  of  testing  was  imbedded  in  mud ;  and  a  similar 
failure  of  a  series  with  zinc  to  line  in  future  would  be  open  to 
that  interpretation  if  to  no  other. 

In  laboratory  experiments  on   the   resistance   of   exposureE, 


OBIGDCAIi  COMMUNIUATIONB. 


4W 


results  have  at  times  been  arrived  at  which  are  not  in  acconlant-e 
with  the  laws  of  inverse  square  roots.  Two  possible  sources  of 
eiror  may  be  pointed  out. 

First. — If  the  method  of  bridge  measurement  desi-ribed  in  the 
paper  be  followed,  and  an  ordinary  terting  key  be  employed  to 
throw  the  testing  battery  in  and  out  of  its  circuit  between 
bridge  and  earth,  then,  since  theoretically  the  total  resistance  of 
the  circuit  should  be  constant  in  all  poBitions  of  the  key,  the 
disconnection  during  the  key's  play  is  liable  to  affect  the 
"immediate-falKe-zero."  It.  is,  therefore,  advisable  to  use  a 
battery  of  such  strength  that  the  resistance  p  inserted  to  adjust 
the  current  may  be  high  relatively  to  the  resistances  in  the 
bridge. 

Second. — The  esiw^ure  experimented  on  should  have  its 
surface  so  disjwsed  that  the  gas  evolved  may  discharge  from  it 
freely  and  not  lodge  in  crevices  or  beneath  ledges.  For  example, 
A  small  exposure  imbedded  in  insulating  material,  or  a  small 
cable  core  exposure  pointing  vertically  downwards,  will  not 
generally  yield  the  laws.  For  gas  will  accumulate  beneath  the 
insulating  ledges  more  rapidly  and  fully  with  the  stronger  than 
ith  the  weaker  currents.  Consequently,  the  stronger  currents 
•will  encounter  higher  resistances  by  amounts  due  to  the  relative 
reduction  of  the  area  of  liquid  contact,  and  in  the  equation 
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R  =  kC~  "^  where  R  ia  the  resistance  observed,  C  the  current 
sent,  and  k  a  constant,  n  will  tend  to  appear  greater  than  2. 


GiBSALTU,  7ih  Man,  18B7. 
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B>N  THE  MEANS  EMPLOYED  TO  DE\"ELOPE  FACTORY 
H  FAULTS  IN  SUBMARINE  CABLES  DURING  JL\NU- 
H       FACTURE. 

^^^^C  By  Charles  Bright,  Jan.,  Alember. 

^K^)n  hearing  Mr,  A.  E.  Kennelly's  paper,  on  the  "  Resistance  of 
^^Faults  ia  Submarine  Cables,"  it  occurred  to  nie  that  a  few  notes 
the  means  employed  to  bring  about  an  early  development  of 
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"  factory  "  faults  rluring  a  cable's  maDofacture  might  be  of 
interest  in  connection  therewith. 

In  the  first  cables,  previous  to  1860,  the  hemp  or  jute  serving 
in  which  the  core  is  embedded  was  invariably  saturated  with  tar 
AE  a  preservative  against  decay  by  the  sea-wat«r. 

In  1860,  however,  Mr.  Willoughby  Smith  first  jioint^d  oot 
that  the  tar  as  being  an  iiisalati'ng  fluid  had  a  tendency  to 
"mask,"  or  even  seal  up  temporarily,  any  small  faults  that  might 
exist  in  the  gutta-]>ercha  envelope.  The  insulating  proi>ertie8  of 
tar  being  of  a  low,  unreliable,  and  temporary  nature,  Ihe  above 
effectual  concealment  (beyond  the  search  of  an  electrical  test) 
would  last  until  the  faults  were  subjected  to  any  strain  (as  by 
submergence)  or  to  the  searching  conduoting  properties  of  the 
sea,  when  they  would  suddenly  break  out  at  a  somewhat  incon- 
venient stage,  as  was,  no  doubt,  hitherto  frequently  the  ca.'<e. 

We  are  ueit  indebted  to  Mr.  Willoughby  Smith  for  then 
introducing  the  application  of  tannin  (the  bitter  element  of  bark, 
a  preservative  to  any  fibrous  material),  or  of  brine,  in  place  of  the 
tar,  as  being  a  condu<ihif}  rather  than  an  insulating  fluid,  \ 
thus  possessing  the  tendency  to  "show  up"  or  even  develo 
any  such  faults,  on  the  application  of  the  jute  round  the 
instead  of  temporarily  concealing  them,  as  the  tar  tended  to. 

This  method  has  since  been  very  generally  adopted,  the  jt 
and  hemp  servings  being  almost  universally  steeped  in  tann 
(or  "  cutch,''  as  it  is  often  termed)  previous  to  use  in  submarine 
cable  construction.  Sometimes  the  jute  bedding,  in  which 
core  is  enclosed,  is  applied  «'«(,  so  that  the  object  aimed  at^ 
more  readily  attained  on  the  compression  of  the  iron  wires 
the  lay-plate  during  the  process  of  sheathing,  which  has 
effect  of  squeezing  the  water  (or  "catch")  into  any  little  aperture 
or  mechanical  defect  that  may  exist  in  the  gutta-percha  covering. 
By  this  practice,  then,  in  conjunction  with  a  continuous  electrical 
test  for  insulation  being  kept  on  the  core  whilst  it  ia  being 
covered,  a  "  fectory  "  fault  may  often  be  detected  on  the  instant 
of  application  of  serving  or  sheathing  wires  over  the  defective 
part,  and  a  repair  very  readily  carried  out;  in  striking  contrast 
lo  the  great  amount  of  trouble  (involving  proportional  expense) 
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Ihat  such  a  fault  might  have  lee!  lo  afterwards,  if  not  developeil 
nntil  the  course  of,  or  still  more  after,  submergence.  This  should 
not  be  forgotten  as  one  of  the  iirincii)al  advances  made  just  at 
that  very  critical  fieriod  of  submarine  telegraphy,  when  so  many 
|Of  the  improvements  now  in  practice  were  first  introduced. 

In  1858,a  patent  (No.  1,811 )  was  taken  out  by  Mr.  Willoughby 
Smith  for  an  adhesive  composition,  which  is  now  almost  univer- 
sally employed  in  all  submarine  cables,  as  being  an  excellent 
taedium  for  cementing  logether  llie  separate  continga  of  gutta- 
percha (where  it  is  laid  on  in  more  than  one  coating),  besides 
eealing  the  first  coat  with  the  copper  conductor.  This  compound 
(which  is  perhaps  somewhat  erroneously  known  as  "  Chatterlon's 
*'  compound  ")  is  usually  composed  of  the  followiug  proportions  by 
weight — viz.,  gutta-perclia,  3 ;  resin,  1 ;  and  Stockholm  tar,  1. 
As  was  implied  by  the  President,  in  opening  the  discussion  on 
Mr.  Kennelly's  interesting  iiaper,  it  is  not  improbable  Ihat  small 
faults,  or  deficient  insulation,  in  any  one  of  the  coats,  may, 
inadvertently,  be  temporarily  "  masked "  by  even  tki3  small 
proportion  of  tar  in  the  nbiive  adhesive  composition  applied 
between  each  covering. 

Whether  or  no  this  possibiUty  ia  stifficient  to  warrant  the 
necessity,  or  even  the  advisability,  of  an  insulation  test  being 
taken  on  the  application  of  each  coat  of  G.P.  (prevloits  to  the 
adhesive  comjiound  being  applied  ready  for  the  next  "coat"  or, 
[)erhaps,  even  afterwards  as  well),  is  a  point  of  some  interest  and 
importance,  only  to  be  determined  by  those  responsible  and  most 
experienced. 

The  only  tar  outside  the  outer  coat  of  the  completed  core  in  a 
submarine  cable  of  to-day  is  tliat  in  the  Bright  and  Clark's 
bituminous  compound  as  applied  round  the  iron  sheathing  wires, 
but  the  "  tanned,"  or  wet,  jute  immeiliately  surrouuding  the  core 
should  have  sufficient  time  to  "bring  out "  any  "  factory  "  fault 
before  the  comjiOBition  has  found  its  way  between  the  interstices 
of  the  wires. 

In  conclusion,  it  is  ]ierhaps  scarcely  necessai-y  to  mention 
that  "factory"  faults  are  thf  only  class  of  faults  over  which  we 
can   exercise  any  control  in  the  sense  of  producing   au  earl^ 
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development  nt  n  eonvenient  stAge  for  remedy ;  but  perhaps  it 
would  not  be  too  mui-li  to  say  that  it  ia  quite  possible  that  more 
faults  thnn  it  is  often  at  present  supposed,  are  really  originally 
due  to  the  "  facttirv "'  iluiing  a  cable's  constmction — ^faults  vbicti 
linve  not  develoi)ed  themselves  until  some  time  afterwards,  and 
arc  taken  to  l>o  due  to  hK-al  causes  at  tlie  time  of  "breaking 
out." 

This-would  jioiiit  tn  tin*  jTOsitive  neceseity  of  every  po^ible 
effort  being  niiidi>  lu  <Iiscuver  in  submarine  cables,  during  their 
manufacture,  faults  which,  though  i)erhai)it  very  minute  at  first, 
may  aflenvards  be  th(>  i-ause  of  much  trouble  and  expense. 


ABSTRACTS. 


».  BtONDI-OT-EESEAHCHEB   ON   THE   TRANSMISSION  OP 

ELEOTRICITr  OF  LOW  TENSION  THHOUGH  HOT  AIE. 

/oumal  dt  Physiqae,  Vol.  G,  p.  ino,  ige? ;  BuUttin  dr  U  Su«Me  Inl»rmtiomU  det 

EUctriciont,  Vul.  4,  p.  130,  1887.) 

The  author  recAlls  a  work  pablisbed  by  liim  in  lt<53  m  the  Jimalsf  ilu 
Chimittt  de  FKyiiqvi,  which  conarmed  the  diicoTery  of  Mr.  Becqaeret  that 
^«ei  brought  to  Ugh  tcmperaturea  allow  a  current  of  electricity  to  paa?,  even 
when  it  it  produced  bj  a  single  eel!. 

He  arranged  two  perfectly  insulated  electrodes,  farmed  by  two  discs  of 
dattnum  3  centimi^trea  in  diameter,  in  the  upper  purt  iiC  a,  porcelain  crucible 
entirely  clo!«^l  at  the  Lop  and  open  below.  This  porcelain  crucible  was  ilsell 
placed  iiuide  an  iron  cylimler,  also  rloeed  at  the  top,  and  placed  in  a  gai 
furnace.  The  two  platinum  Uibci  were  mounted  on  insulating'  rods  which 
detcendei]  vertically,  and  were  then  bent  horizontally,  bo  that  the  inaulating 
clamp  which  held  them  was  i|uiie  removed  from  the  action  of  the  furnace. 

The  arrangement  b^ing  healed  above,  the  author  found,  that  it  ia  only 
on  attaining  a  red  heat,  (hut  a  capillary  electrometer  shows  the  passage  of  a 
cnnent  tlirough  the  heated  air.  However,  is  previoui  experiments  he  has 
found  that  the  column  of  hot  air  which  ri^ee  from  an  incandescent  body  allows 
of  llie  passage  of  the  cnnent  from  a  single  cell,  when  u  tbeniiumeter  placed  in 
it  shows  a  temperature  of  only  TU"  C.  In  the  iiuthor's  opinion  this  is  due  to 
the  high  temperature  of  some  streams  i-l  air  which  alone  conduct  the  current. 
The  experiment*  prove  tliat  the  current  passes  with  any  difference  of  potential 
in  some  instances  lest  than  one-thousandih  of  a  volt, 

Tha  chief  ttbject  of  the  article  is  to  determine  if  the  laws  of  tlie  trans- 
miisiun  of  eleclricity  throngh  a  heated  gas  are  the  same  us  those  which  govern 
its  transmission  through  solid  and  liquid  bodies.  Jlr.  Bectjuerel  hod  noticed 
some  eotitradiolioaa,  specially  that  the  reaigtance  seemed  to  depend  on  the 
intensity  of  the  current,  and  on  the  number  of  cells  used.  Mr.  Blondlut  has 
noticed  lliat  the  flow  t'(  electricity  iacreasta  wore  rapidly  than  the  diSerence 
of  potential:  he  concludi-B  from  this  that,  if  the  resistance  of  heated  air  is 
calcalated  h^r  the  methods  apphcable  to  solids  and  liiguiilH,  a  nuiiibtT  is  arrived 
at,  which  is  dependent  on  the  E.M.F,  and  on  thu  cnrr^'nt;  but  this  method 
c>ught  not  to  he  pursued,  the  niode  of  action  of  this  transmiisicn  being  appar- 
ently Faraday's  convrcKon — that  is  to  say,  the  carrying  of  the  electricity  by 
molecalei  of  air.  which  come  and  charge  themselves  on  each  electrode,  then 
■Rove  towards  the  opixjsite  ones  in  consequence  of  electric  attractions  ami 
repaltiODS,and  discharge  themselves  tliere.    Thisconvecliuni"  inn  potdble  when 
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the  air  is  cold,  on  aci:j)unt  tA  the  adbeaion  of  Che  molecule*  of  ajr  to  tlie  lOTtm 
of  the  platiautn-  ^Vbether  this  hypoChesia  be  true  ar  not,  the  value  of  the  a- 
pericaentBl  reiults  is  not  atFecUd  thereby. 


E.  BUDDE— EliECTHODYNAMlC  I^WS, 

'B\tt!ttiA  dt  tu,  Suri-'W  Itttematianale  del  Eitetricieni,  Vol.  i.  p.  ISi,  16S7 -,   dnnalen 
der  Ph<jiik  »nd  Cl-eraie,  Vat.  29,  p.  4S8,  18S6,  and  Vot,  30,  j:  100,  1887.) 

The  author  propotea  a  series  of  experiments  by  the  help  of  which  » 
decisiou  may  be  arrived  Bt,  as  to  which  electro-djnamic  theorj  best  represents 
the  facts  of  el  net  m- dynamics, 

'Weber  coniddera  Die  eleiiieotary  acllon  of  two  electriSed  bodies  e  aad  *', 

at  a  distanre  r  apart,  and  expreaeea  it  liy  Iba  fiimiuia 

in  wbich  C  is  a  coustant  of  the  maguitude  of  the  velocity  of  light. 

According  to  Biemnnu,  the  potential  of  two  electrified  bodies  is  defined 
by  the  equation 

1 

and  according  to  Clausiua  the  value  of  the  potential  is  given  by  the  equation 
V    I'  —  - —  V  I'  cos.  fl, 

where  v  v*  tre  the  velocities  of  the  two  electnfted  particles,  end  I  the  uigle  of 
these  two  velocities. 

The  author  has  calculated  for  each  of  these  theoriei  what  would  be  the 
results  of  certain  ezperimenl^  particularly  suitable  for  their  verlflcatitm. 

1.  Charge  nntl  <lisc)i;krKe  of  a  hollow  metallic  sphere,  inside  wbkli  n 
magnet  is  Ruaiieiutetl  by  a  cocoon  Bbre  so  that  its  magnetic  axis  is  vertickt. 
This  magnet  WLjuld  be  unaffected,  according  to  Clauiius ;  would  experience  an 
eEort  tending  to  make  it  rolste,  according  to  Weber;  while  according  ta 
Biemann  this  effort  would  be  three  times  more  powerful, 

S.  Rotary  oscillations  of  an  insulated  magnet  of  largo  siee,  connected  to 
earth  by  the  end  of  its  axis  at  the  inataut  of  its  highest  speed,  AcconUug  to 
Hiemann  alone,  the  magnet  would  be  electrically  charged  when  it  conw  bKt 
tu  rest. 

3.  Botation  of  n  strongly  electrified  disc,  similar  to  that  used  in  Bowland's 
experiment,  in  front  of  a  ring  of  conducting  wires  the  meridian  of  whi«h 
passes  through  the  axis  of  rotation.  According  to  Weber  alone,  a  permaneiit 
current  would  circuliitu  in  the  ring. 

4.  Rotation  of  a  circular  multiplying  coil  in  a  magnetic  field.  It  the  axis 
of  rotation  were  horizontal,  a  light  elcctriQed  body,  saspcuded  in  tbe  horttontal 
plane  of  the  axis,  would  remain  motionless,  according  to  Biemann  and  Olausio^ 
and  would  be  defiected  occordiae  to  Weber. 
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S.  COLABSEAU— aUONETIC  IMAQEB  FRODUOKD  BY  FEEBLY 
MAGNETIC  BODIES. 


^^■kllrti'n  (b  la  SueifM  IntematiimaU  di-i  Eledrioient,  Vol.  t,p.  188,  18ST ;   Journal 
^B  de  PhysiiUB,  Vol.  <i,p.  83,  IS87.} 

■*  If  iiDn  Blinga  are  sbakeii  on  to  a  very  thin  piece  of  sheet  iron  placed  on  tlie 
poles  of  a  mitgnet,  tbe  paniclea  ai-range  ihcmsclves  along  Uio  lines  of  forcu. 
But  quite  a  different  result  is  produced  b;  shaking  very  caretuU;  on  to  tbe 
■beet  of  iionseBqaloiideof  iron,  iron  scales  from  forginga — whicb  are  a  mixture 
of  ferroiu  and  ferric  oxides — nnd  tLe  various  oxides  of  nickel  and  cobalt,  all  in 
»  State  of  wry  fine  powder.  Instead  of  uiiiig  dry  powders,  the  oxides  may  be 
auBpended  in  a  vamisb  of  laa  dissolved  in  alcohol,  irhich  on  drying  preservei 
permanently  tbe  image  formed.  Tbe  powder  accumalales  in  considerable 
heaps  corresponding  tu  Lbi:  edges  of  the.'  iiolea  of  tlie  magnet,  and  above  tbe 
intermediate  space  it  arranges  itself  in  line*  or  threads,  the  formation  of  n^bieb 
u  taoilitated  by  tapping  the  sheet  of  iron.  Tbeae  threads  do  not  arrange 
themselves  along  tiie  lines  of  force  as  do  iron  flliugs,  but  at  right  angles  to 
tben],or,  in  other  words,  I  hey  map  oat  ibu  equipotential  lines.  Vo  resales  have 
been  obtained  with  iliamagnetic  powders,  using  the  strongest  magnets  at  Ibe 
aathor'B  disposal. 

A  doable  effect  is  produced  with  magnetic  oxide  of  iron  in  line  ixiwder, 
and  with  iron,  nickel,  and  cobalt  reduced  by  hydrogen  to  the  metallic  state. 
There  is  a  double  system  of  interlaced  tbreails,  tbe  one  following  t!ie  lines  of 
force,  and  the  other  the  equipotential  lines.  This  double  system  i^an  be  most 
readily  obtained  with  the  solulion  of  lac. 

The  phenomenon  is  no  longer  observe^l  if  too  thick  a  sheet  of  iron  is  used, 
nor  if  the  iron  sheet  is  replaced  by  one  of  a  non.magnetic  metal  such  ni  copper 
or  Einc. 

Tbeantbor  explains  the  pbGDomenon  bytbe  property,  possessed  by  all  lines 
of  force,  of  tending  to  shorten  themselves.  The  curved  threads  of  powdi;r  formed 
along  tbe  lines  of  force  tend  to  shorten  themselves,  and  to  approach  tbe  {HisitioD 
of  maniiaum  intensity,  where  tliey  would  lie  in  a  straight  line  from  one  pole 
to  tbe  other.  But  this  tendency  is  opposed  by  tbe  attraction  of  tbe  neighbour- 
ing particles  which  are  magnetised,  and  by  friction  on  the  tnrtace  of  the  iron 
sheet;  in  tbe  case  of  feebly  magnetic  bodies  tbis  lutLer  force  is  the  mure 
powerrol.and  tlie  particles,  iu  moving  to  the  position  in  which  the  thrtads  will 
be  shortest,  leave  a  sort  of  trnii  behind  them  urran^ed  along  tbe  ei|ui{iotential 
lines,  and  formed  of  stnoll  particles  of  the  powder  heaped  up  one  behind  the 
other. 


BBBTHOH— TELEPHONE  LINE  BETWEEN  PABIS  AND  BKUBSELS. 

(Buflciin  dc  la  Soni-'l-^  InhrTioUonalt  del  EUdricieiu,  V<jt,  i,p.  IQI,  16ST.J 

The  new  line,  IS'.t  miles  long,  consists  of  two  silicium  bronze  wires  3  mm, 
diameter  (U  L.B.G.),   aud   lutving  a  resistance  of  'A-hG  obras  per  mile,  or 
|,6ii0  obnis  for  the  double  line.    The  conductors  are  carried  on  the  mine  poles 
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\i»  llie  L>rdinary  telegrrnpli  wires,  and  are  erosseil  at  wdh  potaL    1'lia  eon  ul 

erection  was  :iboui   £4,000.    The  wire  wvlgtii  S3;i  poundi  per  mile,  aiiJ  liu 
«  brwkiDg  Btrain  of  I'S^  tons  per  itfjure  inch. 

The  anlhor  prefurs  nn  independeot  line  for  Uiepbocf  lo  the  Van  BjiiEl- 
berglie  i;Bt«m,  as  tbe  latter  ioterlGres  with  the  uie  ut  rapid  telegraph  inilrn- 
menti  owing  to  the  introductiuu  uf  the  compeniuting  electio-nuigiiEU,  unl 
necenit&lt^s  the  nee  of  nnLi-indaction  appHi-ntus  for  all  electric  app«ntiu  tacb 
W  hell»,  electric  semaj-liorea,  Al\ 

Tlie  problem  of  lung-'iiatanct  telephony  can  be  completely  lolveit  by  tbn 
lite  of  lUiciuDi  bronze  wire  of  lulHcieDl  size.  Thoa  a  wire  of  5  mm-  diakmelrr 
(uliout&L.S.G.)  would  enaUo  conver»ation  to  bu  carried  on  between  Sew  York 
Ami  Chicago — a  distiuice  of  S94  milei.  On  submarine  cable*  it  ii  only  postlhU 
ti>  talk  over  abont  'JO  naotical  miles. 


1 


COLABDEAIT— EFFECT  OF  MAUNETISM  ON  CHEMICAL  REACTTOSR. 
{Journal  da  PhynjHB,  Vol.  8,  p.  129,  1887.) 

A  very  similar  plii.'nomenun  t>j  tlutt  described  in  a  preceding  abetnet  it 
noticed,  if  a  solution  Lif  copper  Bu!phnl«  be  poured  on  to  a  ibeet  of  iron  placed 
on  the  polta  ol  a  hon»e.ahoe  mag-net.  In  tbe  caae  of  a  plate  -j\,th  mm,  tliioh, 
the  deposit  of  copper  on  the  space  Iwtwiicn  the  two  poteE  and  jast  round  tlitJD 
pre>enta  the  appearance  of  u  net  formed  of  liaka  of  dull  copper,  and  sepkniUd 
by  spaces  ut  bright  metal.  The«e  latter  portionn  of  the  deposit  are  below 
;^ueral  level,  as  arc  those  round  tbe  edk't!!>  of  the  poles.  These  linki,  as  ia 
cMe  of  the  fine  iron  dust,  follow  the  equipotential  lines  of  the  Seld.  aiu] 
the  Unea  of  forci:.  The  same  effect  may  be  produced  with  a  solution  of 
metallic  salt  which  is  reduced  by  iron. 

The  simplest  explanation  seems  to  be  that  electric  currents  are  set  up  by 
the  chemical  action  of  the  iron  on  the  salt  of  copper,  and  that  these  riirrcul*, 
forming  closed  circuits  in  the  liquid,  are  actwl  upon  by  the  magnet.  That  Uils 
explanation  is  not  su&Icient  can  Itc  shown  at  once  by  placing  a  very  thin  plaU 
ot  line  above  the  iron,  and  pouring  on  it  a  solution  of  acetate  of  copper,  whlcli 
is  reduced  by  zinc.    No  arrangement  of  the  copper  depoiil  is  to  be  leen. 

The  similarity  in  the  appearance  of  the  copper  deposit  with  the  arrangement 
of  the  feebly  magnetic  p.jwder  iu  the  former  i-xperiments  woulil  seem  to  point 
to  the  probability  of  an  intimate  relation  between  the  causes  of  the  t*o 
phenomena.  Tbe  arrangement  of  the  copper  deposit  is  probably  doe  to  tha 
formation  of  molecules  of  sulphate  of  iron,  which,  being  fe«bly  nuignatlc, 
arrange  themselves  along  equipotential  lines,  and  thus  protect  the*e  lines 
from  a  further  deposit  of  copper.  This  view  is  supported  by  two  facts.  If  Ihe 
solution  is  disturbed  or  agitatad  in  any  n-ny.  tbe  deposit  is  unitorm.  If  an 
alcuholic  solution  of  copper  bichloride  is  used,  which  is  a  brilliant  grveu, 
whilst  Uie  corresponding  iron  sait  is  yellow,  the  formation  of  the  yellow  linw 
of  iron  chloride  may  be  watched  ai  it  yradually  develops. 
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FrofeMor  E.  HAOENBACH-BISCHOXT—DKTEB  Ml  NATION  OF  THK 
SPEED  Of  PROPAGATION  OF  ELEOTElCITr  IN  TELEOBAPH 
WIEES, 

;.liinii;'n  der  Fhytik  unti  Cht'wie,  Vol.  20.  p.  377,  1886;   Jnunioi  TOfyraphiqut, 
K»I.t},]>.  6, 1SS5,  Vol.  10.  j>.  2S6,  18B6,  V-iL  11,  pp.  3 -.'U  19, 1867.) 

Tlie  instmiQeiit  luei)  (or  tlie  meniureQifiit  of  the  tiiue  wne  the  comparator 
of  Lissajons,  by  meaiis  of  wliicU  the  diffcreni-o  tif  phase  uf  two  tuning-torln, 
vibrating  in  pliiitei  at  right  angles  to  each  other,  cnn  bi:  d-.-tcrmineiJ.  The 
■llgliWit  alterutioDin  the  dlffereni'e  of  phase  U  at  uiive  ahowa  by  an  alteration 
in  tbe  shape  of  the  figure.  The  firit  tuning-fork  was  placed  with  ita  axis  in  a 
boTizontal  plane,  and  the  piano  of  its  vibrations  was  vertica]  j  lu  onu  limb  of 
thij  fork  was  tixfd  a  amali  piece  of  tinfoil,  which  could  be  brilliantly 
illmninated.  The  second  fork,  adjusted  to  exactly  the  same  number  of 
Tibtalions  an  the  former,  was  fixed  with  ita  axia  vertical,  and  mi  that  the 
plane  of  its  vibrations  was  horizontal.  One  limb  carried  the  object-glast  of  a 
mirrosoope,  Ihrough  which  the  brightly  illuminated  tinfoil  could  be  observed. 
ITie  two  mning.forks  were  joined  up  in  circuit  with  a  battery  and  the  line  to 
be  «xpei'iment>.'d  miaa  ;  and  by  means  of  a  speolal  mercury  commntutor  the 
tine  could  ha  put  into  circuit  after  ihi;  twu  forks,  or  lietweea  tbem.  In  tlie 
former  ca»e  the  flgure  of  Lissajoas  kept  ita  normal  shape ;  but  in  the  second 
(ate,  when  the  current  took  ti]n>;  to  pass  through  the  line  from  one  fork  to 
Ibe  other,  the  shape  of  the  flguie  «iis  altered. 

In  order  t-i  judge  of  the  amutiat  of  this  atteratioa  the  section  of  an 
ellipse  was  drawn  on  the  surface  of  a  vertical  glass  cylinder,  and  by  rotating 
thii  cylinder  more  or  less  on  its  vertical  axis  the  Bgun;  given  by  the  tuning. 

(orka  could  be  reproduced,     The  anclu  through  Hhich  the  cylinder  was  turned 

was  thus  a  measure  of  the  retardation  of  the  current. 

The   experiments  were   made  al   BSIe  over   eircuits   looped  at   varinus 

■tations.    These  circuits  did  not  consist  of  the  same  sized  wire  througliaut, 

but  tbu  various  sizt-iwure  all  reduced  to  equivalent  lengths  of  i  mm.  iron 

wire.    The  reealts  may  be  tabulated  as  under : — 


Uds  looped  It 

HfldDCPd  Lenh'tli. 
Kilumcttu. 

ItOtBtkRI  of 

Crllndsr. 

BfltanluElDii. 

lo-v!. 

Lncenie 

(Hten    

StMCh 

UetUl 

28-t-B 

nr,-w 
117 -ii 

81" 

W 
U" 

!0" 

n-ooirc 

u-ooor>s 
0HXW3O 
0-00023 

317 
aw 
32G 
237 

» 


The  author  deals  at  length  with  the  theory  of  the  iiuestion,  and  he  slates 
aa  tbe  "  law  uf  cfaargc  "  that  the  darabon  of  tbe  charge  is  independent  of  the 
absolute  value  uf  the  potential ;  and  with  respect  to  different  wires  submitted 
to  the  same  relative  limiting  conditions,  tbe  duration  of  charge  is  proportional 
lio  tbe  square  ot  tbe  length  of  the  wire,  and  to  the  capacity  and  Ewiet«.vK«. 
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ot  unit  len^h.  Tliis  is  tliown  in  llii'  last  cdlonin.  Tbe  nrliL-Ie  alM  ooo. 
taine  a  i<-view  of  alt  previous  experiments  bj  otlii^r  iier<i>ns  on  the  same 
■atfjeet. 


L.   ABOMS-SIETHOD    OP    MEASUEING   THE    CODNTEE   E.5U.   ES 
THK  ELECTRIC  ABC. 

(jinnalcn  dtr  Phyiit  und  CkBmie,  Vol.  SO. p.  35,  1687.) 
The  method  ol  meaanremeut  it  a.  modlScBtion  of  that  adopted  hy  Cohn 
loT  [ho  (leteruiiDation  uf  ihe  puluriaation  uf  a  cell,  and  cousisla  of  a  particulai 
airnngerucnt  of  a  Wliealatono  faridg?.  Two  branchei  contuin  each  a  find 
reiUtaiice  i  ilie  third  u  vari.tble  reaiBtaiici^ ;  In  the  fourth  are  joioi^  up  in 
lerieB  it  batter;  ot  itccumulHtorB,  a  safety-  taze,  a  kej,  a  variable  resUtauce,  an 
kuimeter,  ami  the  arc  lamp,  the  carljons  ol  wlucb  I'an  he  Blit>rt-circult«d,  ntule 
the  reg^latiog  solenoid  still  reiiiHiiiB  in  the  circuit.  One  dingooal  cuntaini  a 
Siemens  torsion  gulvftnoiueler,  the  fixed  coil  of  an  electro-dynamometar,  and 
a  iiiriabU  i-esisliLuoe.  The  othitr  diagonal  (:oDlaitis  the  iecoDdaiy  coil  of  an 
induation  apparatus.  The  circuit  ot  the  Mvinging  coil  of  the  electro-dyoa- 
mometer  j»  completed  through  nnolher  awrandary  coil,  the  primary  of  vliidiii 
in  circuit  with  a  Dubois  apimratns,  and  witli  an  ordinary  intermpUir, 

A  me^LSuremeut  is  tlrst  taken  wit'i  tlii;  arc  iu  circuit,  and  the  reeiitanoa 
are  so  arranged  that  the  ilefteetiun  •<(  <)ie  eleclro-djuamometer  remaina  mn- 
sUint  when  the  induilion  apparatuii  is  set  to  work.  Then  llie  utrboni  an 
shcrt. circuited,  and  an  equivalent  re.iiatance  inserted  in  place  of  them.  Onlj 
two  measurements  are  given  in  the  paper:  in  one,  with  a  eomnt  of  M 
ampi^res  and  an  E.H.F.  of  40'G  volts,  the  resietance  of  the  arc  was  3'1  ohmi ;  in 
the  other,  with  4-1  aniperfs  and  BU'il  voItB,  tin-  resistuni^e  was  1*0  olitn. 
(KoTE. — Ho  mention  is  made  of  the  teiigtli  of  the  BTO  Id  either  case.) 


W.  Ton   HLJANIS— AN   EXtEKIMLNT    OP    EXNBR-S   OS    THE 
CONTACT  THEORY, 

(Jnnolen  dcr  Phyiik  umi  CJiniiif,  V-l.  :!0,  p.  899, 18&7.) 

Exnev  having  made  some  experiments,  the  resulta  of  which  confirmed  hin 
in  llii  opuiiun  ihitt  Ibe  contact  theory  i*  nnteuahlc,  the  autlior  was  led  ro 
repeat  ihem.  The  eijieriment  ronsisti  in  determining  the  alteration  m 
potential  ot  iin  insukted  mi'fal  plat--  «-lir:o  its  capacity  is  altered.  In  tbi 
aDthor's  arrangement  a,  ruuuti  brass  disc,  carried  on  an  insnlutinj;  stand,  wu 
connected  to  earth ;  the  disc  was  surrounded  hj  a  metal  case  in  two  lialv«a, 
also  connected  to  earth.  By  meaog  of  a  commutator  tlie  dice  could  be  di>- 
oonnecled  from  earth  and  [lut  on  to  ai>  elwlrometer,  2Jo  deflecllou  was 
remarked  by  Exner  under  any  circumHtHiie--);  but  the  anlhur  found  thai 
when  Ihe  surrounding  case  was  withdrawn  from  the  disc,  wliiUI  (he  latter 
irssin  coimectioD  with  the'  electrometer,  the  aeedle  «'us  deflected,    Siinilar 
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tperiinenti  were  ul>o  made  willi  two  concentric  zinc  eylinders,  the  onKr  one 
of  w)iic)i  coulil  be  I'Miiied  or  towiTcd  by  meani  of  ■  cord  pasBiog  over  a  pallet. 
The  HUtliur  L'onoludes  that,  tar  frnin  ilie  experiment  being  oppoied  to  tbe 
contact  tlieory,  tt  is  in  direct  aupporl  of  it. 


r. 


KiOI— RESEABCHEti    OS    THE    ELECTRICAL    BEHAVIOUB    OF 
MICA  AB  AS  INSULATING  MEDIUM  IN  C0NDKN8ERB, 


^^^^  IJitMrn^yr.  Kot.  11),  jj.  \:%s>,  188ti.) 

^^^^Btom  KiqierimBiits  with  a  Miut  vonilenaer,  in  which  theauthirdeiennjned 
^^tEe  relation  of  the  ()uaQtity  al  eleclricity  diichargvd  Lo  tbe  amouut  undis- 
charged fi-uin  the  previous  charge,  the  dumtion  and  strength  of  which  oould 
be  Tikried,  he  coucladcK  that  mien  ie  unsuitAble  fur  use  in  Btaiidnrd  condensers. 

Itionie  expenmentH   on   the  reaiBtnnce  of  luics  would  appenr  to  lead   to  tbe 
LmcloBJon  that  it  conducu  like  an  electrolyte. 
\  R.  BZiANSDOBF— HERBIETICALLY  SEALKD  BATTEItlBB. 

^  {BeAUtis.;  Fol.  1(J,(..BS0,  1886.) 

The  cell  iHiUEuie  ofebonile.  and  is  closed  by  nn  ebonite  tid  with  a  wuher 
of  Hoft  india- rubber.  Tlie  upper  lurt.  <>f  (lie  cell  in  split  up  into  leveral 
di*iJtiODs  in  which  si*e  placed  the  carbona  und  lines ;  the  lowL'r  part  coutaini 
th^  exciting  Hnid.  The  liattery  is  put  into  action  by  reversing  il.  In  Ihe 
etN>uite  ltd  are  apcrtuiea  closud  by  thin  abeetn  of  india-rubber.  Tlieie  allow  ut 
the  eipaiiBJun  of  the  gas  produced  in  the  baitary,  mthout  Huy  rink  «I  dsmnife 
to  the  ebonite  adi,  and  witbtiui  thp  ncid  being  forced  up  Ihroiigb  ibeveiit,aa 
is  the  cue  in  utiier  lieriuuticaUy  ».'Hli:'d  baiterit-a. 


A.    BATTELLI— INFLDENCE     OV    MAGNETISATION     ON     THB 
THEU31AL  CONDUCTIVITY  OP  IKON. 

(Bnblultii-.  lol.  Ill,;,  780,  IBSG;  .IW (blC  ^Fcad«"<ia iji  Torino, 31.  i>,  Su»,  ISBS.) 

Two  tubes,  one  of  soft  Kwedlsh  iron,  and  one  of  br.isx,  were  llxed  in  the 
Kidet  of  tin  cubes,  thruu(.'h  which  st<MUi  could  be  led.  Holeg  ,*,  rm,  npai-t  were 
bored  in  tbi^  bars,  into  which  the  juurtions  ol  a  tbemio-e]i-mi'>it  kiuI'I  be 
inserted.  A  very  puwerfnl  aleclro-niagiiet  was  brought  within  ."■mni.  of  tbe 
free  end  of  iJie  itun  bar.  So  long  n«  the  bur  wag  cold,  uo  ib'llei-i.ion  on  the 
galmnometer  WBsohxervL-d-  on  ht-ating  tbe  bar.  alternate  very  slight  positive 
■>nd  negative  r-isuliB  were  pr'tduced. 

A  compoond  b«r  wiis  then  tried,  made  up  of  a  >quart^  coppvr  bar,  a  abort 
tqnnre  injn  bnr.  and  n  second  copper  bar.  One  cuppL'r  bar  whf  Hjcd  in  tbe 
lieuled  vube,  and  i)ie  ends  of  the  tbenno-eletnent  weri.'  placed  in  bolen  in  the 
copper  1«n>.  The  iron  bar  was  surnmnded  by  a  cuil.  Al  first  tliis  oil  was 
wound  with  I -7  mm.  wire;  but  as  it  wa«  somewhat  heiited  by  tbe  passage  of  the 
cummt  and  radiati^d  beat  tm  to  Ilit.-  Iheruo-eleuient,  this  winding:  ol  wires  was 
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reiilBceil  liy  une  ot  i;up|)ei'  strip.  On  henting  t-nic  ead  u[  tliu  cumpouml  bar,  taA 
at  the  same  time  pasHinga  ciurtnt  roimil  tlie  Irau  portion  to  >■  to  mai^clin 
it,  the  bot  junction  was  cooled,  wbilv  I  he  co«l  juticljon  was  heniet),  nhtitnng 
that  the  muguctiB.itioii  had  raiued  a  dtiTeaiie  in  111^  ooniluclivitj  nt  Hu 
copper. 

■.  WILD-DETKKMINATION  OF  THE  COEFFICIENT  OF  IXDDCTION 
OF  STEEL  MAGNETS. 

(^BraiaUtT,  Vol  11.  p.  176.  1887.) 
On  tbe  BBsl  side  of  the  oeeille  of  &  unililar  magiietouieter  is  a  magut^tiiinii 
ooil,  the  axis  oC  wliicli  is  pL-rpt'iidiculnr  to  the  mtridian  mid  euis  t tie  centre 
of  tlie  needle  j  uiid  on  th<'  weal,  side  a  similur  coil,  but  with  less  tnms.  On  • 
current  iieiag  Ie<l  throngh  the  two  ojilf,  tbe  actioD  of  tbe  smaller  almoM 
ooinpensHtet  Tur  that  of  tbe  larger.  It  H  is  the  horizontal  Force  of  the  «atlb, 
e  th«  conaiaiit  of  torsion  of  tbe  siupention,  I  tbe  current,  r  and  /  tbe 
constanti  of  the  coiU  with  respect   to  thi;  needle,  and  p  the  small  unoum- 

pensat4^d  deilcctioD,  then 

H(l  +  »)  Ian.  ^  -  I  (e  _/). 

After  breaking  tbe  circuit  tlie  magoet  to  be  experimented  upun  a  laid  id 

the  magnetinng  coils,  and  on  the  weil  side  a  magnet  aa  similar  at  pganbic 

ii  broDgbt  up  to  the  ueedte  until  only  a  very  small  deSectiou  9'  ia  pruduewL 

The  current  is  ihen  pussed  tbrnogh  buCh  uoils  so  ns  to  increaK  iJie  uclion  of 

thu  magnel,  and  the  duKectioci  9"  is  noted;  ilnaJly.  the  ourtsnt  it  reversed, 

and  tbe  deHecIiun  f,"'  is  noted.     The  current  it  nt  the  same  tim<.-  meamtred  un 

a  tangent  galvanLimeteriaud  then,  knowing  the  temperature  cuefflcienl  of  thi 

magi")'>'^'^^''^"S^  '"  )^he  earth's  magnetism,  tbe  moments  uf  tbe  mitgDe1s,Ae. 

we  ran  deduce  llie  change  proiluced  in  tbe  mcnneiit  of  the  magnet  lying  ia  tlM 

spiral  by  a  specified  external  force.      For  cuincidenl and  opifoaed  action  of  tbe 

esternal  forces  acting  on  the  permaneui  magnet,  Lamont's  rule  brings  out 

the  diflerence  of  the  twa  actions  much  too  liigli ;  it  is,  moreover,  not  nil  for 

weaker  forces  acting  for  a  longer  time,  as  would  follow  from  Die  eiperimeoti 

of  F.  Kohlrauscb  and  Sack  with  induction  currents. 


J.   BOROMANir— 80MR  EXPEBI4MENTS  ON  THE  PROPAGATION  OP 
ELECTEICITY  THHOUGH  AIK. 

(BtMillf.  7i-J.  ll,ji.  18l',  IseTi  lat»ni«ro  EtteMqaj,  IS, »>.  193 «.iJ 348, 1888.) 
One  electrode  of  a  Boltz  machine  is  connected  to  earth,  ihe  other  is 
joined  by  a  short  wire  to  an  iiiHulaled  Bunsen  burner.  OppositH  to  the  Bunsen 
burner  is  a  spirit  lamp  which  has  a  platinum  wire  twisted  round  its  wiok,  tbe 
■jlher  end  being  connected  through  a  galvanometer  to  earth.  On  worl 
the  Holli  machinu,  the  galvonomater  shows  llmt  a  current  pusses  through  I 
air  from  Ihe  Bunneo  burner  to  the  spirit  lamp.  On  increasing  the  distance 
helween  tlie  two  from  0'306  m.  to  2-6i  m.  the  dellecUou  of  the  galvanvmeter 
tell  from  noo  divisions  to  3  divisions. 
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A  aeconit  ipjril  lamp  and  a  lecond  galvanometer  may  be  introduMd  into 

tbe  circuit  before  the  eanh,  iinil  approximately  the  sane  ileSectiiiu  will  ba 
otwetTvd  on  both  galvnnamett^i's.  Though  there  are  two  air  gapa,  the  circuit 
bbliftvev  as  tliuugb  it  wet-e  tintireJ}'  clijse'l,  Hucli  leebler,  but  similar,  reiultj 
were  obtained  vith  120  i^opper-ziuc  cells  in  place  of  the  Holtz  miichine.  The 
experiment  may  also  be  iimiie  with  an  induction  coil  and  (elephoni.-. 

It  iM  at«o  poaaibtu  to  obtnin  a  direct  ijetlection  ift  Iha  needk'  uf  a  galvan- 
ometer, without  making  any  use  of  itg  own  coil,  if  two  iuiulateil  lamps  are 
placed  one  north  and  one  luutli  of  the  galvanometer,  and  ronnecleil  by  platinum 

tires  to  earth  and  to  the  Holiz  machine  respectively. 
'.  XOKI.BAUSCH— USr:  OF  THE  SIEMENS  TORSION  OALTASO- 
.METEK  FUR  THE  DIRECT  MEASDHEJIENT  Ot"  STRONG 
ODRKENTS. 
(CentraVAatt/arEltHrot^knik.  Vol.  8,  p.  3\S,l8SSi  La  hnnxiin  Elettrifim, 
Voi.23.p.  216,  1887.1 
In  order  to  obviute  the  use  of  a  shunt,  which  introilui.'es  erroix  owing  to 
e  allemtion  of  its  reHiaiance  due  to  the  beating  effect  of  the  current,  the 
author  Qses  &  toraion  galvanometer  set  up  on  n  board,  on  which  ia  Ssed  an 
independent  coil  of  thick  wire  on  each  side  of  the  galvanometer.  By  this 
means  it  ta  possible  ui  measure  currents  up  to  TO  amperes  -  when  the  measure' 
nt  of  the  current  is  lieing  made,  the  extra  coils  alone  are  uned,  tlie  fine  wire 
It  of  the  galvanometer  itself  being  out  of  circnit.  The  ^ulditional  coils  must 
be  placed  with  cars  bo  that  the  poles  of  the  thimble  magnet  are  exactly  on  the 
axil  at  the  coils,  and  exactly  in  the  centre  between  them.  To  effect  this,  one 
of  the  coils  is  provided  with  a  screw  adjuslnient.  The  modiileil  inntmment  is 
calibiuted  by  comparison  with  a  standard,  the  coils  being  llr^t  connected  in 
•eriea  so  as  to  have  a  double  action  on  the  magnei,  and  then  the  counections  of 
one  reversed  to  as  to  have  no  action.  B7  a  simple  arrangejuent  of  mercury 
cups  and  copper  bridge-pieces  it  ia  easy  to  cliange  the  conneclioni  from  llie 
cuils  of  the  galvanometer  proper  to  the  aiblitionnl  cuiU,  so  thai,  either  the 
current  or  the  difference  of  potential  may  be  measured  011  the  MUne  inatrn- 
nt. 
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LIST   OF    ARTICLES 

MUTIKO   TO 

ELECTRICITY    AND    MAGNETISM, 

Appearing  in  tome  of  the  prinoipal  Engliih  and  Foreign  Teohtiioal  Journali 
tor  thi  month!  of  APRIL  and  MAY. 


(mi'iijihial  Magazine,  Fel.  SS,  »".1«,  Ai-ril,  1887.J 

Ftof.  B.  F.  THOMPSON— Arc  Iui:iip  fur  Dw  with  the  Dnboacq  Lantern. 
H.  H.  K.  BOSANQUET—The  Ijtw  uf   the   Electro-Magnet  and  the 

LiW  I'f  tilt-  Iiyiiiiino. 

{.Vn.  1M,  Jf,.;(,  1887.) 
B.     H.    M.     BOSAITQDXT  — DtterminutioD   of    Coeffioieoti    o[    Hutiul 
Inductiijn   lif  me&DB  uf  the  BaUutic  Oalvaiioin«ter  and  Earth -luductor. 
W-   BXOWH'— ESacu  of  Peivutuon   and  Annealing  on   the   Haf^eUe 
Mi^mt^iili  of  Ste<.-I  Magneta. 


PaoctiMiias   or  tbk   Hoiil  BoarrT, 
(?.'atiirr,  .Ipfl  7.  1887,  ]■■  549.) 

C.  V.  BOTB— Tiie  Bitdio-MicromeUr. 

(Nntwci,  Ari-il  li,  1887.  ]■■  674.) 
K.  Z.AUB— Od  KIliptioidBl  Curreot  SheeU, 

(.Valure,  AifHl  11,  1887,1'.  6>^-i 

Dr.  AU>ES   WUOHT— DeTelopmeni  o(   Voltaic  ElMiricii;   njr  Atmo- 

8pli>;ric  OvMuIiiiii. 

(Nalun;  April  28,  1887,  p.  632.) 
Pro£  J.  A.  EWIKO — Maguetisatiou  of  Iron  in  Btroug  Fields. 


{Cwi-tu  Scnditt,  Vvt.  104,  No.  14,  Aj-ril  4, 1887.) 

LIPFUAJTN— Strol^oscopic  Misthud  of  Compariug  the  Time  uf  Viliratio^ 

Two  Tuning-Forks,    O.  MANEIJTBIEB— Starling   (lie   Electric   An- 

without  ContQoC  of  the  Klectrodea.    E.  KERCADIEB — Theory  of  the 

Telephone,  ani)  ita  Transformation  into  an  KlePirn.niagQStic  EesouaUr.^ 

(No.  IB,  April  IS,  1887.) 
E.  BBANLT — New  Method  of  TJaing  the  The nso-ulec trie  Hitltipli«r, 

{Wo.  16,  Aiy.-U  18,  1887.) 
LIPFUANN— A  New  Ahsolute  Uoil.  of   Time.     H.   FELLAT— Aluuura- 
nient  of  the  Potential  DifTorence  of  Two  Metals  in  Coii'aCl. 

(No.  17.  April  a.'.,  1887.) 
COLI^DOV  — An    EiccptioDiI   Lightning    Stroke.      C.    DECKABME— 
lioganic  Magnetic  Cuties, 
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(So.  Ill,  May  9.  1887.) 

OmifUS— I'^t'i'ti'i'-  Dismrhancea  tauseil  by  the  Earthquake  uf  Felii'itnrj '^3, 
P.  H.  I>£DE:B0I!II — Fliiw  of  Magnetic  IniluclJon  ia  the  Mu^nti-  of  n 
Ujriiaiuu.      C.     LAGBANai:  —  Cauacn   uf    the    Diurnal    VHriatiuns   -d' 

lenvslrial  iUii(jiii.-iiimi. 


(A".  iO,Mav  16,  1887.1 
KASCABT  —  At-<i<jii    at     Earrhiguaki'ja    on    AUsnGtir     (uBtruuiuuts.      C. 
LAaRAHOX— 1'innial  Tarlatiutis  i-t  tbu  Tern;aLria1  JUgiielimn  in  the 
Tropic",  an"!  tlie  Hpfuhir  Variuiiom. 


» 


(Aimiiloi  T-<h\miphiqttei,  Joniuiry — F^riuiry,  1BB7.) 
WUNSCUBNDOKFV— Uperaticiui  (or  the  Ropiiir  of  the  MaraaiUen-Algien' 
Cablf,  IH8ii.nl,   M.  LEVY— Tli^  Elucti-ioal  Tranamingiun  of  Power  heiweeii 
Ci-eil  a>i<l  I'nrir-.    A.  KETMI£& — The  Um  of  Caffordaui  in  Baliene*. 


l/iFitriMi!  d.'  Phiitiqu,;  Vol,  B,  Ai-ril,  ia87.) 
H.  PELLAT — .^h-^'iatt  Klertro-Dynantometei'.    A.  LEDUC— Nuu   ^ietliiiil 
for  Meanurin^  Hajiii^tit'  Fields. 

{Vol.  8.  Mm,  1887.) 
A.  lEDUC— Stu<ly  uf  ihi-  Hl^iietic  Fluid  prodnced  by  nn  Eliictnj-Mti(,iiel  of 
Faraday. 

[_L'  Lu^-'iiff  tCUehiqfr,  Tul.  2*,  Wo.  14,  April  S,  1887.  j 
ABOABTX-ABAKAirOWICS— Uliidy  of  Integrnphg.    F.  H.  LEDEBOEB 

— PrtiloibniiiTiui jiiii  i>I  lilt:  UhaiiLcteristic  uf  a  Dynumo.  J.  SASCIA 
and  IS.  SAKTIAVX — Kxperimt^Dtal  luveatiy^itioa  ot  jtlii^neli^  l''iflds. 
A-PALAZ— (VFitiiiuoiiBt'urreiiiainTcleplionicCelln.  OOUT— BtauOard 
Coll.  Dr.  a.  tJIiBBICHT— The  Work  ot  ihe  Currant  on  Tek-gnipliic 
Linen.  J.  WETZLEB — Auinmatk-  Uut-ont  for  Aocumulatom 
i'jV...  36,  .4!'n7  9,  1887.) 
L.  PAXJCIEKI— J'i'"lui:rLMii  111  I'Jki'tncity  l<y  thi:  Couilt-iiMtiiiii  til  AqileuQX 
Vapour.  ABDAirX-ABAKAMOWICZ  —  KLudy  ot  Integrapii^. 
TA8CHT— U:>gii-:li.-  Shteli  and  Currents.  B.  MAIUNOVITCH— A 
New  Klo't I i'-  Il--f;iiittirlii^' Appdrutu*  for  Meteorological  lusrrumuiils,  J. 
BABCIA  and  E.  SARTIAUX— Exiieriini'ntal  InveatiKatiun  of  Magnetic 
Fieldii.  E.  DIEUDONNE — Vsu  of  the  Magneto-Inductor  foi-  Electric 
Bella.  A  PALAZ  -I'ln.  Syniem  i.if  Sigiuils  (or  AiBisuucc  uu  the  Beriiu 
Mairopalitiiii  Railuay.  H.  LE  CHATELIEB-^Mi'anuremeiit  ul  High 
Tempt raturpfl  l>y  Tlu-rmn-eleclrii'  Cuuplo*.  E.  K. — Weinhold'a  Portable 
OalvanuDietrr.  SL8AS8 — NubUi's  Bings,  and  the  Kleetru-chtmii^al 
Pbi-tinmeiiH  vfliii'h  {iiuducL'  tbem.  A.  EBEUNO^—Oii  Thtrrmo-tli.clnc 
Force  be  twee  u  nmie  Metulsuiid  llit:  ^^lutioiia  uf  lliL'irSHlts.  J.WETSJjEH 
— BiHieut  ImpiwetiiBritH  in  AppuruluK  for  Bagillating  Ti^mpi^rature. 
J.  WET3ELEB — Ni'W  Combined  BiiuiidtT  ami  Telephone, 
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ARTICLES  KELATING  TO  KLKCTRKITX ,  Bit:. 


(A'o.  16,  Ap'il  16.18^7,1 
a.   BJCHAKS— Arc   Lamps.      S.  DrBUSONBTE— Uk    of   tbe   MagDetO- 
IndQCtorfur  Electric  BdllB.    F.  H.  LEDEBOEK— Xew  !Atitirarj-gouD<lei. 
A.  D'AKSOHVAX— X>eath  froiu  Eleuirk  Sbucki.    O.  XAHKDVIUXB 

— 9liir(i"g  the  Electric  Arc  without  Uuntac'  of  ilie  Fli-cirinle,.  E, 
in ERCAOIEK— Elect ro-nuignetio  Rexonatui'. 

{.Vo.  n,A,'f>t  Kl,  1887.) 

P.  H.  IiEDEBOEB — Dutermi  nation  of  tliu  CoelHcJeut  of  SelMnducUon. 
A.  D'ASSOinrA^— Inntrumeiila  Eor  the  Htiidy  of  Animal  KleelriciQ^. 
ABDANK-ABAKAXOWlCZ-^tudy  uf  IiKeKraplia.  B.  V.  FICOD- 
IJi-npliic  Tlieory  uf  ton tinuuus- current  Dj-iiamo*. 

(No.  IB,  ApriJ  3D,  lgB7.) 
C.  BEIONIEK— Self-reguUtiiig   Dynamoi.     A.  D'ABSONVAI.— tnitni- 
meiita  for  ttii:  Stnilj  of  Auimal  Rlectricitj.     Q.  HICHARI) — Ar-  Liiupi. 

A.  HXHET— Keiearclien  in  ElectrolyRi^.  E.  DIEUDONITC— K^« 
Arrangement  of  a  DepreK-D'AtTitnval  GalvHuomettT.  XIPPHAmf— An 
Absolute  Unit  of  Time,  H.  FEUiAT — McB5ur>;nii!nt  of  the  True  Pott*- 
tlHl  Difference  of  Two  Metalfl  in  Coutm-t.  O  BOCK— Conduct ivitj'  of 
MixLiirea  .it  KOD  and  ESH. 

{So.  18,  May  7. 1887.) 

G.  B.ICHABD— Alumluiutn  and  its  Electro-Melallurgy.  C.  KEIQmXK- 
Belf-i-egnl filing  Uyii[inio=.  TOBniABI— Tli--roiic  Equilibrinm  in  El(C- 
tw)ly«ia.  J.  WETaLBB— A jipiieatii.il  uf  ElL-ctrieity  lo  Fnei\mat!c 
l-nbes. 

(«o.  L-O,  »iy  U,  1887.) 

P.  H.  LEDEBOER— The  Flow  of  Ma^Tietir  Induction  in  th«  Field  Utgnft 
of  aDynninii.  A.  DECHARHB — Iiogunic MH);uutio Curves.  J.  SABiCU 
uid  E.  SABTIAVX-Experimental  J)i\esrigation  of  Ma^itdtic  Field*. 
H.  WEBEB— Tlieory  of  the  Wheatatone  Bridge.  S.  XAXISCHBA— 
Proiluctionof  an  E.  11. F.  in  Selenium  by  tlie  Action  of  Light.  J.  ELSTEft 
utdX.  QEITEL— The  Ktectrificiaion  of  liaiws  hy  Incandesceut  Bodia- 

B.  TILLABI— Tlie  Emiflsiva  Power  i)f  Kjijcmc  S]iart?,»uil  their  A[i|)e*r. 
ance  in  Piffermit  Cnsex.  O.  G.  GEBOSA — Iteniatiuict;  i-f  :stixtur««  q< 
AmaigainK.    J,  WETZI.EB— New  Sjratein  of  Wnting  Telegraph, 

(No.  ai,Ma;j21.  1887.) 
K. — Elei'iric    Telemeter.      J.    HOtmEB— Compound    Dynnmos,      W.   C. 
BECHNIEWSKI— Study  of  Dynamus,     O.  BICHABD— Arc   Laoipi. 

C.  DECHABHE— Isogonic  Magnetic  Curve*.  J.  SABCZA  ftnd  B. 
SABTIAUX  —  Experimental  Investigation  o(  Magnetic  Fields.  C 
^AOBANOE— The  Causes  of  the  Diurnal  Variationg  of  Terrtatria) 
.Magiieti9in,  J.  WETZLEB— Discovery  mid  Locallgation  of  MvUlUt 
Jlasses  in  the  HumaTY  Body  \i3  mean*  ot  r\\e  Induction  Balnnce. 


AHTICI.KK  HEIJ^TING  TO  ELECTKICITY.  Eic.  M3 

(»>.  22,  iWay  28,  1887.) 
A.  FAUU— tlSect  of  I'^leetro-Mni.iiets  on  Telephone  Lines,    BUSCABT— 
Effect  of    Ear'liqiiakei   oil    Ma^etic    Apparatui.      (ESTEKB.EICH — 

»      Automatic    Fonimutator   (or  TelepUone   Linea.      BULBANOOm— New 
BeJfttias!  Iiclwuen  I.iglic  and  Electricity. 


(BuIUtin  de  li  Snrwf.1  fti(emaWni(il«  det  Eledrii^'cJU,  Fol.  4,  Jfo,  37,  April,  1887.) 
C.  CKAJLOIN— Autonutic  Cut-uut  od  a  New  Friociple.    NAFOU— PoUak 
and  Eintwanger'a  Electric  Tramwuy.     PAJIENTHOU— Api>Bratui  for 

Indicating  ami  Rugi^ieriiii;  at  a  Distance,     Aiii'n Sjit'etl. Regulator.     Q. 

MANEIIVBIER—NewSleanBorSWrtiTigtheEluctrio  Arc  witliout  (Hitting 
tlit'Eliictrodas  ill  Contact.  P.  H.  ^EDESOEB  uid  O.  HANEUVRIEBp 
— Deteroii nation  of  the  Coefficient  of  Self-induction.  KASCABT— 
Determination  of  tlie  I'oltrs  of  Magnets.    OOUT— Standard  Cell. 

(.Yo,  38,  Mav,  1887.) 
SKEBGAIIIEB— TLeory  of  the  Telephone,  anil  iti  Transfunnation  into  an 

IE  lee  tru- magnetic  Kifaonator.  SE  LA  TOUAini— Telephone  Line 
between  Paris  anil  Brusseln.  D.  COLLAHON— Lightning  Stroke  at 
Scliortii.  T.  MZiSESOLE — Accumulators  with  High  Ju.JU,  E. 
OEBABD— Magnrt.i-Utnainoineter.  H.  DDTOUB— Action  of  Mug- 
netiim  on  the  Velocity  of  Efflux  of  Liquid?,  Aifm. — Automatic  Electric 
Governor  of  tlie  Speed  of  Trains.  FOUSSEBEAU— Dtjcompositiun  of 
Parchloride  of  Iron  b.v  Wuter,  LIPFUANH — Strohoscopic  Method  of 
Compftring  the  Duration  nf  Twu  Vibrationi.  UPPUAKV^A  New 
Abiolute  Unit  of  Time. 
{J-Ui-aal  TrVgrayhiqu.;  r.d.  U.  Nv.  i.  AprH,  1887.) 
BOTHEN  —Telephony  (ccpilinuoJ).  OATTIKO— Duploa  and  Qiiadrupltx 
Sjatema  of  Tmnsmlsmion  (finlinittd), 

{N:.  6,  U-'J.  1887.) 
B.OTBEN —Telephony  (ormNniMd).     VIASISI  —  Duplex   Methuda  of  Tele- 

t(raphy. 

(Jnnalrn  der  Phyiik  vnd  Chniii*,  7nl.  31,  PI.  1,  No.  .1,  IS87.) 
S.  KALISCHEB— ProdiutiDn  of  E.M.F.  by  Light.  J.  EZ.BTBB  and  H. 
OEITEL  —  Electrification  of  Uaaiis  by  Incandescent  Bodies.  E. 
PFEIFPEB — A  Modification  of  Kohlraiisch'a  Sine  Inductor.  H.  LOB- 
BEBO — Electro- Dynamics.  O.  imiTD — Determination  of  tlie  Pules  of 
Induciip.in  Machine. 

(Kui.  31,  P(.  :i,A>.,  G,  1887.) 
'.  L.  WEBEBr— Conductivity  of  Amalgams.  A  KOEPSEL— Determination 
of  Magnetic  Momeuts  und  Gurreuta  in  Absolute  Afeuaure  by  means  of  the 
Balance.  W.  KOHIG— Magnetism  nfCrystLila.  B.  CIAUSIUS — Keply 
to  Lorl«rg  tvapectiiig  DyiiiiiiiMa.  A.  FOEPP^ — Elifctricity  :tB  an  Elastic 
Fluid.  K.  WESENSONCK— Abaexce  of  a  Polar  Diflereiice  in  Spark 
DiaoluM'ge^ 
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AllTICLEfi  RELATING  TO  ELECTRlrrirY.  Vac. 


(BeibliUer,  Vol  11,  Pt.  4.  1887.) 

A.  PA^AS  — KxperimenU  on  th«  Specifta  Inijiifiive  CiL|i>cil.y  of  tome 
Dielectric*.  J.  CTIRIB— Spacifii!  Inductive  Caparily  &d<I  ConduMisily 
of  BOi»<-  I 'U'lvctrics.  O.  O.  OSaOSA— BeiistftDce  of  Uixturei  of  Amnl- 
gama.  B.  KXHBJj — ObBervntions  made  on  a  Laluiide  Cell.  M.  COK' 
SZPIUS  —  PBBsivity  and  Folariwit.ioii  of  Irua.  F.  DUEEH— Electric 
Pre>-iiii''  Hnd  Electro-capillary  Plienmiifiia.  H.  PEIiL&T — Absolute 
Elertn- Dynamometer.  A.  WASSHCtlTH  and  Q.  A.  SCHILX.IKa— 
Experimental  Determinntioa  of  the  Wurk  of  Magnetimtioii  BE.  STEBV- 
BEKO — GeunK^tric  iDvestigation  ot  the  BotatioD  of  llie  Plunis  of  Poluria- 
tiou  ill  'helliigiietic  Field,  A.  KIOHI— Expcriiiii^in.t  on  III'?  Ttc  (!<;<: tmii 
of  FolariHerl  Liglit  from  the  Poles  of  n  ^:iKnet.  T.  WI ETI.I SBACH— 
Self-induction  of  Btrnight  Wires.  J,  BOROUANN— Etperimenta  on 
hiduoi'd  Currents.  K.  TIXiIiAIU^EIeclri<-  DIvIihi'^iir  iti  v»rioiu  OsHa. 
J,  BEaTBAKD— Electric  Units.  J,.  ^UTIHI— Conductivity  of  Ouei 
and  VniioTii'i).    P.  HXmSR— IJnuBti  mid  L'lv/s  i>i' Atiii.<^phericKlectrieity. 


{Vol.  11,  Ft.  B,  IJiHT.) 

P.  AUEBBACH— Groupinj;  of  Dattei-iei.  A.  WEIITKOLD— Uruuiiiiig  of 
Bnio^rte^.  K.  SLUOINOW — System  of  Linear  Con  due  tors.  M.  ZZVO- 
XBB— iMiiluting  Material  for  Electric  I«ads.  H.  IiE  CKATEIiIBB— 
Jlcnaii lenient  of  High  TempemtureB  by  Tli«rm.j-el.-L'lric  ULiii[ilt.i,  A.  r. 
ETTIKGSHAUSBN  and  W.  BTEKNST— H.iirs  PlieiiomenoD.  At. 
ETTINOSHAUSEN— Mt'H<;nrement  of  tlie  H;ilt  KIToci  on  the  DiflerentitI 
lUlvauiiuieier.  C.  MA B ANGO NI — rnraoiaguctiiitn  mid  llianininietiiia. 
F.  KOHI-BAnSCK — Magnetism  of  tin-  Huiiuui  II<Kly,  P.  EXNEB  ud 
P.  CZERMAE— Unipol.'ir  Induction.  J.  BOBOHAK'N— I'^'i^a^ation 
of  the  Electric  Current  ttirnugli  Air.  C.  MAKANGONI  — RcL.tion 
between  Klectricit;  and  Light.  G.  B.  CROSS  und  W.  B.  SHEPAB9 
— Uounter  E.M.F.in  the  Electric  Aru. 


r  P!c«ml«rftn(«hc  Zeiiichrift,  P-[,  8,  PI.  4,  Api^t,  1887. 1 

P.  Ton  HEFNEB-AIiTBNBCE— A  Xew  Dyimmo  of  Sirmens  &  llaWkt. 
Dr.  K.  STBECKBR — Knhlransi'h'fl  Spring  Bahiitr.  for  Woiik  CuiTftita. 
Dr.  O.  PKOLICH— Theory  of  the  Dynamo.    C,  L.  B,  E.  MBHOES- 

Automatic  Regulation  of    Electric   Work.      H.   SESEMAHV — O.iIdH- 

metvic  Current  and  Potential  Miter.  Dr.  BOBKS— lApciimeuiBof  the 
Frankliu  Ijifltituti.'.  Dr.  A.  TOBLEB— Siein^n-  A  IUl!<ke'»  AniScikl 
Oh  111".  C,  E.— McCulloch'B  Fiie-Alarm  Teh'i.'ruiili  System.  Dr.  P. 
NREBEN — Electro- magnulically  dvivcTi  Tuning-Furk^.  W.  XOSL- 
RAUSCH— Electric  Governor  f<>r  Oaii  Knginei.  W.  <ESTEH.SEICH 
— Auionuttii'  Conciuaion  Signal  for  Telepboni!  Line*.  K.  WIESHEB— 
Til*'  Moileruliiig  V,ffecl.o£  Electro- ilapietii  in  Tel<  phonic  Circnjt-'. 
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Dr.  O.  FSOLICH— Optical  D<;monBtTati<>ii  of  tin'  Action  ut  ;i  Tek-plioiie. 
Dr.  O.  PKbtlCH— Tlieory  of  tliu  Dj-iiiimo.  J.  L.  HUBER— Kleclrie 
Trannvayx  in  Humliurg.  W.  XORLRAUSCK — Nuteuu  Ai'i'umuluUirf. 
B.  BUHXiHANN — The  Experimeota  on  'lie  TrnuBmisflion  nf  Fciwer  at 
Oerlikan.  SIKKENS  ft  HALBKB— Historical  Xutes  on  the  Biug 
Dynamo  ivlih  IiilcL-ior  Muf^npts,  H.  KUBSCKUAIIIT— Sc>«iion-iki'> 
Nuw  Baltery.  Dr.  H.  FIBAm — The  Elect ro-DyiiiimometiT  as  a 
Mea^urinif  Instrument  for  Allemiitin^  Currents.  Dr.  V",  WIUTUS- 
BACB—Ui*  of  the  Trnualalor  oa  Telephone  LiueE.  Dr.  V.  WIXTLIS- 
BACH— Theory  of  Telephone  Condui^tora,  W.  tESTERBEICH— Mix 
ftnd  Gfnesfn  Micruphune.  J,  W.  GILTAT— The  Mu'leiiitini;  Effect  of 
Elect ro-Magneti  in  Telephonic  Oiicuils.  Dr.  A.TOBLDIt — Siemens  1 
Halsks's  Artificial  Cable  (omlimwd). 
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NOTICE. 


1.  The  Society's  Library  is  open  to  members  of  all  Scien* 

tific  Bodies,  and  (on  application  to  the  Secretary  or 
the  Librarian)  to  the  Public  generally. 

2.  The  Library  is  open  (except  from  the  14th  August  to 

the  16th  September)  daily  between  the  hours  of  11.0  a.m. 
and  8.0  p.m.,  except  on  Thursdays,  and  on  Saturdays, 
when  it  closes  at  2.0  p.m. 


Ail  Index,  cotnpiled  by  the  Librarian,  to  the  first  ten 
volumea  of  tlte  Journal  can  be  had  on  appticatum  to  the 
Se<retary,  or  to  Messrs.  E.  and  F.  .V.  Span.  125.  Strtwid, 
W.C     I'riie   Tiv  iShiHin^s  ami-  fyUcimice. 
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The  One  Hundred  and  Sixty-ninth  l^rdinary  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
November  10th,  1887— Sir  Charles  T.  Brioht,  M.  Inat.  C.K., 
President,  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  names  of  new  candidates  were  announced  and  ordered  to 

be  suspended. 

tThe  Secretary  announced  that  the  Council  had  approved  the 
llowing  transfers : — 

tFrora  the  class  of  Associates  to  that  of  Members— 
J.  J.  AUen.  I  Alfred  E.  Mills. 

From  the  class  of  Students  to  that  of  Associates— 
C.  Ashmore  Baker.  I  Bertram  Thomas. 

Charles  Garrard.  |  C.  H.  Wordingham. 

Donations  to  the  Library  of  the  Society  were  announced  as 
having  been  received  since  the  last  meeting  from  the  Astronomer- 
Royal;  the  Institution  of  Civil  Engineers;  W.  Ellis,  Member; 
Professor  J,  Ewing;  Brent  Good,  Esq. ;  Messrs,  Chas.  Griffin  & 
Co.;  Dr.  Edward  Hopkinson,  Member;  the  India-Rubber, Gutta- 
percha,   and   Telegraph   Works   Co.,   Limited:    H.  R.  Kem\ie, 
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Member;  J.  D.  Miiliins,  Esq.;  the  New  York  Agent,  College  of 
Electrical  Engineering;  Anthony  Keukenzaun,  Esq.;  Sir  David 
S&lomons,  Member;  The  CommaDder  F.  Salvatori,  Foreign 
Member ;  T.  F.  Tofts,  Associate ;  F,  Uppenborn,  Esq. ;  Messrs. 
Wbittaker  &  Co.  j  and  J.  H.  Wiinschendorff,  Foreign  Member;  to 
whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  President:  Our  paper  this  evening  is  one  which  ecareely 
comes  within  our  usual  debating  ground,  namely.  Electricity ;  bat 
itfi  subject  forma  a  very  important  piirt  in  the  preparations  for 
laying  submarine  cables.  Submarine  cables  have  almost  entirely 
been  constructed  and  laid  by  English  enterprise,  and  the  work  has 
been  canied  out  to  such  an  extent  that  there  is  scarcely  a  port  of 
any  importance  in  the  world  which  does  not  possess  communica- 
tion by  submarine  telegraphs.  In  the  early  days  of  submarine 
cables  they  were  principally  laid  in  comparatively  shallow  water; 
the  deepest  water  for  some  years  crossed,  being  that  in  laying  a 
cable  from  Portpatrick,  in  Scotland,  to  Donaghadee,  in  Ireland,  in 
1853.  In  that  case  we  had  to  pass  over  150  fathoms,  drojipiDg 
down  from  34  fathoms  in  the  immediate  neighbourhood.  No 
special  soundings  had  to  be  made  in  those  days  for  cable  laying, 
as  the  work  had  all  been  done  before  by  the  naval  surveyors,  and 
the  soundings  were  all  marked  down  upon  the  charts,  together  with 
the  nature  of  the  bottom — whether  ooze,  sand,  or  rock.  W'ben, 
however,  a  few  of  us  set  to  work  to  lay  a  cable  across  the  Atlantic, 
we  had  to  grapple  with  another  kind  of  business,  A  small  number 
of  soundings — ^some  of  them  altogether  unreliable — hod  then  [in 
1855)  been  made  in  the  vast  depths  of  the  ocean,  from  which  i^ 
reflected  in  calm  weather  a  tint "  so  blue,  so  pure,  and  so  beautiful," 
that  no  other  can  bear  comitarison  with  it ;  it  is  a  colour  only 
obtained  from  water  so  deep  as  to  have  been  termed  by  mariners 
in  those  times  "  unfathomable."  Prior  to  commencing  the  first 
Atlantic  line  two  lines  of  soundings  were  taken  over  the  proposed 
route  by  H.M.S,  "  Cycloiw  "  and  the  U.S.S.  "  Arctic."  Since 
then  there  have  been  many  lines  of  soundings  taken  for  cable 
purposes  in  "blue  water,"  and  we  are  going  to  hear  some  more 
ot  them  from  Mr.  StalUbrass,  who  is  about  to  read  a  paper  in  which 
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he  will  show  the  necessity  of  having  aucli  soundings  made  more 
closely  than  in  old  times,  because  frequently,  as  even  on  the 
*'  telegraphic  plateau  "  which  Capt.  Maury  s^wke  of,'  banks  of  a 
dangerous  cliaracter  for  the  durability  of  cables  have  been  found 
by  their  mean$.  Mr,  Stallibrass  will  give  us  examples  of  these 
banks  in  the  diagrams  accompanying  his  paper.  Prior  to  that  time  I 
may  say  that  our  deep-sea  soundings  were  in  many  cases  altogether 
unreliable.  For  example,  Capt.  Denham,  in  II, M.S.  "  Herald," 
reported  a  sounding  with  bottom  in  the  South  Atlantic  of  46,000 
feet ;  but  there  is  no  doubt  that  hia  line  was  carried  away  by 
currents,  or  the  ship  drilled.  Another  sotmding  was  given  by 
Lieut.  Parker,  of  the  U.S.  frigate  "  Congress,"  of  50,000  feet  run 
out  without  bottom ;  but  Admiral  Ricliards,  when  Hydrographet 
to  the  Admiralty,  eliminated  from  the  Atlantic  charts  almost 
every  sounding  above  3,000,  or  at  all  events  4,000,  fathoms,  believ- 
ing that  there  was  no  real  bottom  obtained  above  those  depthn  in  a 
vertical  line.  However,  these  are  the  things  which  will  probably 
be  remarked  u]>on  in  the  discusaion  which  will  doubtless  arise 

I  pen  the  paper  which  I  now  ask  Mr.  Stallibrass  to  read. 
The  following  paper  was  then  read: — 
Tl 


DEEP-SEA  SOUNDING    IN  CONNECTION   WITH 
.SUBMARINE  TELEGRAPHY. 

By  Edward  Stalubrass,  F,R.G.S.,  Member. 


The  connection  between  deep-sea  sounding  and  Kubmarine 
telegraphy  is  a  very  intimate  one.  Before  the  time  of  the  first 
Atlantic  Cable  scheme  in  1854,  there  seemed  to  be  no  practical 
value  attached  to  a  knowledge  of  the  depths  of  the  sea,  and 
beyond   a   few   doubtful   results,   obtained   for  purely  scientific 

lurposes,  very   Uttle  was   known   on  the   subject.      With   the 

tic  Cable  scheme  there  arose  at  once  the  necessity  for  a 

'5oip  extensive  knowledge  of  the  bed  of  the  Atlantic,  and  the 

bi:rftory  of  deei>-sea  sounding  may  almost  be  said  to  date  from 

hat  time. 

*  Mttary'«"Ph}'»ciil  Qeogispby  ol  the  8eB,"  p.  2GS,  «d.  1856. 


^^beyon 
^fcurpo 
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In  the  report  of  the  committee  appoiated  in  1859  to  inquire 
into  the  construction  of  submarine  telegraph  cables,  the  impor- 
tance of  soundings  at  frequent  inten-als  over  a  cable  route  was 
well  recognised ;  and,  moreover,  this  report  clearly  pointed  out 
that  the  failure  at  that  early  date  of  many  of  the  cables  ahneady 
laid  was  due  to  want  of  knowledge  of  the  bed  on  which  they 
rested.  An  analysis  of  the  composition  of  the  sea  bottom  was 
also  recommended. 

At  the  time  the  first  Red  Sea  cable  was  manufactured  no 
soundings  on  its  intended  route  existed,  and  it  was  only  on  the 
ex^iedition  for  laying  the  cable  reaching  Karachi  that  the  resulU 
of  the  work  done  by  H.M.S.  "  Cyclops  "  were  known.  These 
soundings  showed  a  maximum  depth  of  2,000  fathoms,  while  the 
cable  and  paying-out  machinery  had  been  designed  for  1,000 
fathoms. 

The  first  Channel  Islands  cable  biled  chiefly  because  proper 
care  was  not  taken  in  the  selection  of  a  route. 

One  of  the  objects  of  this  paper  is  to  bring  before  your  notice 
how  little  has  been  done  even  up  to  now  towards  surveying  the 
routes  taken  by  our  submarine  telegraph  cables.  To  this  want 
of  knowledge  of  the  sea  bottom,  their  short  lives  may  in  many 
cases  be  attributed. 

Up  to  the  present  time  the  bed  of  the  Atlantic — on  which 
are   laid,  perhaps,   the   moat   important  cables  in  the   world- 
is  very  imperfectly  surveyed.      In  the  North  Atlantic  alone  sJi 
imiw>rtant   banks    have    already   been  discovered,   and    in    Ibe 
carrying  out  of  the  frequent  repairs  which  become  necessary  to 
theae   cables   unsuspected  irregularities   in  the  ocean  bed  have 
from  time  to  time  been  discovered.     Proper  attention  has  not 
been   given  to  some  of  the  very  steep  inclines  that  occur  in 
mid-Atlantic,  and  one  might  almost,  venture  the  opinion  thit 
there  are  many  spots  where,  when  carefully  sounded; -fennations 
similar  to  the  "  Faraday  Hills "  would  be  discovered,  tiij'J  Hut 
some  of  the  inclines  in  these  cases  are  greater  than  that  ol.lt* 
Irish   coast,  where    special   attention   has    been    given    to    ( 
gradients,  and  to  which  reference  is  frequently  made. 

Sea  bottoms  must  not  by  any  means  be  supposed  to  consist 
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Kirety  of  mud.     The  earth's  crust  is  made  up  of  a  good  deal 
rock,  and  soundings  are  apt  to  be  mieleading  in  this  respect, 
aresay  many  now  present  will  remember  the  large  volcanic 
x)ulders  brought  up  by  the  b.s.  "  Faraday  "  from   the   bed   of 
he   Atlantic,   which   were    exhibited    in    the    Paris    Electrical 
exhibition  of  1881. 

It    is    a    very    difficult    matter   to  judge  of  a    bottom    from 

tundings  as  usually  plotted  on  a  chart. 
I  Let  us  suppose  that  a  change  in  depth  from  1,500  to  2,000 
thorns  is  found  between  two  positions.  In  considering  this  I 
think  one  is  apt  to  reason  tliat  a  difference  of  500  fathoms  in 
2,000  is  equal  to  an  increase  of  25  per  cent.,  whereas  the  depth 
^  which  this  difference  is  found  has  really  nothing  to  do  with 
the  question.  There  exists  in  reality  a  difference  of  level  of 
500  fathoms,  or  let  ua  say  3,000  feet,  which  should  be  con- 
.eidered  totally  irrespective  of  the  depth  at  which  it  occurs. 
"When  this  difference  occurs  in  deep  water,  it  appears  to  the 
general  mind  very  much  less  serious  than  when  it  occurs  in 
(hallow  water,  for  the  reason  above  stated.  This  difference  may 
be  caused  by  a  gradual  slope  or,  on  the  other  hand,  by  an 
almost  precipitous  descent — a  feature  which  is  far  from  unusual. 

For  a  just  appreciation  of  variations  in  depth  it  is  advisable 
to  consider  these  variations  in  feet,  as  by  so  doing  a  ready  com- 
parison can  be  made  with  familiar  mountain  peaks,  and  the 
country  sorroundiug  them. 

As  soundings  are  taken,  a  profile  of  the  bottom  should  always 
be  plotted  out.  The  vertical  and  horizontal  scales  in  these 
^iroBles  should  be  the  same.  Profiles  in  which  the  horizontal 
scale  is  many  times  larger  than  the  vertical  are  very  misleading 
to  the  ordinary  obser\'er,  and  even  the  educated  eye  often  fails 
to  truly  appreciate  diagrams  of  that,  description, 

» There   is   now  no  great  difficulty   in  manufacturing  perfect 
ea.     As  an  instance,  I  may  mention  that  last  year  2,300  miles 
ttible  were   manufactured    by   one  company,   shipped   out  to 
*   West   Coast   of  Africa,  and   laid   there,  with   as    many  as 
^■iDteen  shore  ends,  without  the  least  hitch  either  electrically 
Kapchanicallv. 
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Quality  is  no  longer  a  matter  of  difficulty,  and  in  the  fatnte 
far  more  attention  will  probably  be  directed  to  the  way  in  which 
cables  are  laid  than  to  the  details  of  their  manufacture.  Money 
expended  in  gaining  a  thorough  knowledge  of  the  bed  on  which 
cables  are  destined  to  lie  will  be  more  than  repaid,  if  not  during 
the  actual  laying  of  the  cables,  certainly  in  the  prolonging  of 
their  lives. 

With  your  permission  I  now  propose  to  touch  as  briefly  as 
possible  on  some  portion  of  the  history  of  deep-sea  sounding. 
naming  a  few  of  the  ihief  suneya  which  have  been  carried  out; 
and  I  will  then  explain  the  method  in  which  sonndiugs  were 
formerly  taken,  and  that  now  adopted  on  a  thoroughly  equipped 
expedition. 

rt  was  not  until  the  seventeenth  century  that  anything  of 
importance  waa  done  in  deep-sea  sounding.  An  ingenious 
apparatus  was  invented  about  this  time  by  Hooke,  and  as  his 
idea  gave  rise  to  our  recent  forms  of  sounding  tubes  I  shall 
briefly  describe  the  invention. 

It  consisted  of  a  piece  of  light  wood  well  \'amished  over,  to 
which  was  attached  a  leaden  weight  sufficient  to  sink  the  wood. 
The  apparatus  was  let  go  in  the  water,  and  on  the  lead  striking 
bottom  it  became  detached  from  the  wood,  which  rose  again  to 
the  surface.  The  depth  was  calculated  from  the  time  the  wood 
was  under  water.  This  apparatus  was  no  doubt  fairly  accurate 
in  shallow  water,  but  useless  in  great  depths,  where  the  enormous 
pressure  waterlogged  the  wood  and,  by  malerially  increasing  it* 
density,  greatly  diminished  its  speed  of  rising  from  the  bottom. 
When  used  in  currents  the  float  was  can-ied  away  and  the  record 
lost. 

Several  soundings  were  taken  in  deep  water  during  the 
eighteenth  century,  but  they  were  not  of  much  value.  Tlie  firet. 
at  all  rehable,  were  made  by  Sir  James  Ross  during  his  well- 
known  Arctic  exjiedition  in  1818.  Samples  of  the  bottom  were 
then  brought  up  from  depths  of  over  1,000  fathoms. 

A  great  departure  from  the  ordinary  method  of  sounding  was 
made  in  1838  by  the  substiti:*-'^"  of  wire  for  hemp,  which 
till   this   date   was   the  material   i.i   general  use  for  sounding. 
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This  Ta5  during  the  first  purely  scieati&c  suney  by  the  Govern- 
ment of  the  United  States,  under  Wilkea.  The  experiment  proved 
a  failure,  and  the  use  of  wire  was  consequently  abandoned. 
The  reason  for  non-success,  as  afterwards  found  out,  was  owing  to 
the  employment  of  a.  wire  so  heavy  that  no  indication  of  touching 
bottom  could  be  obsen-ed  without  the  use  of  such  weights  as 

fere  out  of  all  reasonable  projxirtion. 
The  year  1845  saw  the  commencement  of  the  United  States 
coast   sun'eys.      These   have   recently   been   extended    to   deep 
water,  and  have  added  immensely  to  our  knowledge  of  subjects 

rnected  with  submarine  research. 
The  idea  of  using  wire  cropped  up  again  in  1848,  when  Captain 
Bamett,  R.N.,  on  the  suggestion  of  Lieut.  Mooney,  R.N.,  tried  a 
sounding  with  iron  wire  varying  in  size  from  No.  1  to  No.  5,  the 
lightest  wire  being  paid  out  first.  This  was  not  successful. 
The  wire  broke  when  2,000  fathoms  had  been  paid  out. 
In  the  following  year  Lieut.  Walsh,  U  S.N.,  paid  out  5,700 
fathoms  of  wire  in  the  Atlantic  without  apparently  getting 
bottom. 
B  It  was  the  American  Government  which  sent  out  the  next 
important  surveying  ship,  the  "  Dolphin."  Her  principal  work 
was  to  disprove  the  esiatence  of  many  of  the  reported  shoals 
and  rocka  in  the  North  Atlantic,  which  so  hampered  navigators. 
Fourteen  soundings  were  taken.  The  results  obtained  led 
Captain  ^^au^y,  U.S.N.,  when  consulted  by  Mr.  Cyrus  Field 
on  the  first  Atlantic  Cable  scheme,  to  state:  "The  bed  of  the 
••sea  between  Ireland  and  Newfoundland  is  a  plateau  which 
"seems  to  have  been  placed  there  especially  for  the  purpose  of 
**  holding  the  wires  of  a  submarine  telegraph,  and  of  keeping 
"  them  out  of  the  way."  I  am  afraid  this  is  a  prophecy  which 
later  experience  has  proved  to  be,  to  a  very  great  extent, 
incorrect.  Maury,  however,  should  hardly  be  blamed  for  this 
opinion,  as  the  information  ujMDn  which  he  based  his  state- 
ment was  very  incomplete.  A  lees  sweeping  assertion  would, 
however,  have  been  more  prudent.  I  take  this  opportunity  to 
point  out  on  what   small  data  this  report  was  based,  because  I 
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vnAenteoif  ud  hue  damaged  projecU  of  tmustlaalie  tdegn^ 
by  roote*  other  than  between  Ireland  and  Xewfocndland. 

The  inii>ortance,  hoireTer,  of  more  Eoondings  was  Terjr  erideil, 
and  the  ''Arctic"  was  lent  by  tlie  L'nited  States  Govienment  fer 
tliif  paryoee,  under  Lieut.  Berrjtnati,  L'.J?A.  ilassej'*  soandiag 
macbioe  wag  need,  and  24  soandings  w«re  taken.  These  BeeiDeJ 
to  bear  oat  Mamys  idea  c^  a  "  iiloteaa,"  and  "  telegnjili 
"  |ilaleaa  "  came  to  !»  a  g^nerallv  accepted  terau 

The  same  ground  was  gone  over  bj  H.iLS.  "  Cjrdops "  in 
1 857,  and  34  more  soundings  were  taken. 

In  the  following  year  the  proposed  ,\zores  route  was  Eounded 
by  ILM.S.  "Gorgon,"  with  a  result  which  did  not  seem  eatis- 
lactory.  Thin  route  was  therefore  abandoned,  and  in  I860  a 
survey  of  the  Xorthem  route,  between  the  Faroe  Islanda,  Icelatid, 
Ureenland,  and  Labrador,  was  made  by  Admiral  Sir  Leopold 
McClintoek  in  H.M.S.  *'  IJulldog." 

In  1862  H.M,S.  "  Porcupine  "  waa  despatched  to  investigau 
the  Bupjiosed  sudden  dip  from  550  to  1,750  fathoms  about 
niilec  wcBt  of  Valentia,  when  the  "Porcupine  Bank"  was 
covered. 

Duriug  the  efforts  to  recover  the  first  AtUntic  cable  in  1860, 
after  its  future,  evidence  of  a  far  worse  bottom  than  bad  been 
eiiwcted  was  clearly  shown ;  and  additional  aoundings  being 
strongly  reram mended,  the  British  Government  eent  out  sunsT- 
ing  ships,  and  by  the  time  the  second  cable  was  laid  there  we» 
some  67  soundinge  over  a  line  1,700  miles  in  length,  or  abofl 
one  every  30  miles.  M 

The  stimulus  given  to  deeji-sea  research  by  submarine  t^| 
graphy  lasted  for  a  considerable  time.  In  1868-69  H.M.SH 
"Lightning,"  "Porcupine,"  "Hydra,"  "Gannet,"  "  ValoroJ 
and  others,  were  at  work,  and  the  Swedish  ships  "  Sophia "  afl 
"  Josephine,"  the  latter  discovering  the  "  Josephine  Bank  "  some 
250  miles  west  of  Cape  St,  Vincent.  H 

The  U.S.S.  «Yant.ic"  in  18T0  took  134  soundings  in  IhI 
West  Indies,  and  in  1871  the  "Mercury"  ran  a  line  of  Ifi 
soundings  between  Sierra  Leone  and  Havana,  fl 

In  1872  the  use  of  wire  in  place  of  hemp  for  sounding  lines 
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was  again  revived.  Sir  William  ThomBon  was  convinced  of  the 
suitability  of  steel  wire  for  the  purpose,  and,  being  recommended 
pianoforte  ateel  wire,  tried  a  sounding  with  this  from  hia  yacht, 
the  "Lalla  Rook h,"  in  the  Bay  of  Biscay.  This  sounding  was 
perfectly  successful,  and  in  a  paper  read  before  this  Society 
in  April,  1874,  Sir  William  Thomson  described  the  method 
employed," 

The  Silvertown  Company  at  the  end  of  1872  took  some  of  the 
soundings  required  for  the  laying  of  the  lirst  Lizard-Bilbao  cable 
with  wire.  This  was  the  first  practical  use  made  of  the  new- 
method. 

The  United  States  Xavy  now  came  to  the  fore  again,  and  after 
improriug  very  much  on  Sir  William  Thomson's  machine, 
employed  hia  system  of  sounding  ou  the  "Tuscarora"  during 
her  work  in  1873-74,  The  success  achieved  by  Commander 
Belknap  on  this  expedition  bae  never  been  surpassed.  No  less 
than  120  consecutive  casts  were  made  in  the  deepest  water 
of  the  Pacific  without  a  single  accident. 

The  "Challenger"  Expedition,  which  is  the  most  important 
Bubmariue  exploring  expedition  ever  sent  out,  started  in  1673, 
aod  in  that  and  the  thi'ee  following  years  oU4  soundings  were 
taken.  An  immense  amount  of  most  valuable  scientific  work  was 
done,  which,  however,  does  not  come  within  the  scope  of  my 
Bubject. 
■  While  this  expedition  was  away,  the  United  States  Govern- 
ment was  not  idle.  Its  survey  ship  "Blake"  was  at  work 
under  Captain  Sigsbee,  and  later  under  Ca]itain  Bortlett,  and 
between  the  years  1874  and  1879  3,195  soundings  were  taken  by 
her,  mostly  in  deep  water.  This  immense  number  is  more  than 
has  ever  been  taken  by  any  other  single  ship.  Steel  wire  was  used 
lioth  for  sounding  and  for  dredging,  and  with  it  more  rapid  work 
was  done  in  a  small  ship  of  only  350  tons  burden,  with  a  comple- 
ment of  45  hands  all  told,  than  in  the  "  Challenger  "  of  2,000  tons, 
and   a   proportionately   larger    crew.     The    machine    used    was 

m       ■  mOd  Deep-Bea  Soandicig  b;  Piuaoforte  'Wire,"  by  Sir  'William  ThomBOD. 
Bee  Jcmmftl  of  the  Society,  part  8, 187i. 
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designed  by  Captain  Sigsbee,  wiio  at  the  doe^  of  the  work  wrote 
B  moBt  vftlnable  volume  on  the  subject. 

In  187G  the  "Geltyaburg  Bank"  was  discovered  by  a  United 
States  man-of-war  of  the  same  name.  The  French  ships 
"Travailleur"  and  "Talisman"  have  done  important  work  since 
that  date,  although  principally  engaged  in  making  collections  of 
various  objects— animal,  vegetable,  and  mineral — with  which  the 
sea  abounds.  The  \'aluable  work  done  by  the  Italian  Navy  also, 
in  recent  years,  should  not  be  forgotten. 

The  enleqmae  of  the  British  Government  in  the  direction  of 
marine  research  seems  to  have  exhausted  itself  in  the  "  Challenger  " 
Expedition,  for  since  then  little  has  been  done  by  it.  Private 
companies,  however,  have  to  some  extent  kept  up  the  national 
reputation,  and  since  1876  a  great  deal  of  valuable  work  has 
been  done. 

I  have  forgotten  to  mention  that  in  1S75,  during  the  pre- 
liminary Buney  for  the  West  Coast  of  America  Telegraph 
Company's  cables,  458  soundings  were  taken.  Particulars  of 
this  work  will  be  found  in  a  communication  made  to  the  Sociely 
by  Mr.  H.  Be  nest  in  1877.' 

Messrs.  Siemens  Bros,  took  many  soundings  in  the  \orth 
Atlantic  in  IS?!,  1879,  1881,  and  1882,  and  discovered  the 
so-called  "  Faraday  Hills ; "  indeed,  ten  times  more  sounding  wa? 
done  for  the  Atlantic  cables  laid  by  them  than  for  all  the  other* 
I)ut  together.  I  very  much  regret  that  I  am  unable  to  enlarge 
on  this  very  valuable  work;  but  my  time  is  limited,  and  I  have 
yet  to  mention  certain  sounding  expeditions  at  which  I  per- 
sonally assisted,  and  which  I  am  consequently  better  able  to 
describe. 

A  considerable  number  of  soundings  have  also  been  taken  in 
various  parts  of  the  worid  by  the  Telegraph  Construction  auil 
Maintenance  Company,  and  also  by  the  Eastern  Telegraph  Com- 
pany. Most  of  these  soundings  are  to  be  found  on  the  charts 
issued  by  the  Admiralty,  and  call  for  no  special  remarks. 

It  was  in  the  year  1881  that  the  importance  of  a  thorough 
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pretimi7iat'y  e  irvey  was  Erst  fuUy  recognised  by  a  telegraph  com- 
jiany.  The  ladia-Rubber,  Giitta-Percha,  and  Telegraph  Works 
Company,  better  known  as  the  Siivertown  Comjjany,  obtained  a 
cDDtract  from  the  Central  and  South  American  Telegraph  Com- 
pany, of  New  York,  for  the  establishment  of  cables  along  the  west 
coast  of  America,  from  Lima,  in  Pern,  to  Tehuantepec,  in  Mexico — 
a.  total  length  of  somewhere  about  2,500  miles.  The  existing 
sim^eys  of  this  coast  were  very  poor,  and  there  were  absolutely  no 
soundings  beyond  a  very  short  distance  from  shore.  The  reimiring 
steamer  "Retriever"  was  chartered  from  the  West  Coast  of 
America  Telegraph  Company,  and  sent  out  to  survey  the  route  for 
the  intended  lines  of  cable.  It  was  on  this  expedilion  also  that  the 
importance  of  a  knowledge  of  the  composition  of  the  aea  bottom 
waii  first  fully  recognised.  An  analytical  chemist  accompanied  the 
vessel  during  the  whole  survey,  and  all  samples  of  deposits  were 
tested  by  him  for  substances  which  might  prove  injurious  to  the 
sheathing  of  cables,  and  to  avoid  which  it  might  be  necessary  to 
change  the  route  or  alter  the  tyjie  of  cable. 

The  great  value  of  a  careful  sun-ey  was  clearly  shown  during 
this  expedition,  and  739  soundings  were  taken  before  the  routes 
for  the  cables  and  the  distribution  of  the  several  type^  of  cable 
were  finally  decided  on. 

The  next  important  survey  I  have  to  mention  is  one  made  iu 
1883  by  the  same  Company  before  laying  the  cables  which  connect 
the  Canary  Islands  with  Spain.  .\n  interesting  account  of  this 
expedition  was  given  in  the  Times  of  the  7th  December  of  the 
same  year. 

tXhis  part  of  the  Atlantic,  supposed  to  be  the  site  of  the  lost 
tlaatis,  is  not  unreasonably  regarded  as  a  suspicious  one. 
For  the  first  Lisbon -Madeira  cable  no  complete  survey  was 
made,  and  only  a  rough  estimate  of  the  depth  was  obtained  by  a 
line  of  soundings  25  miles  apart.  The  result  of  this  was  that  the 
bottom  seemed  to  present  a  fairly  level  surface,  with  an  average 
depth  of  water  of  about  2,000  fathoms.  No  attention  appears  to 
have  been  paid  to  apparent  irregidarities  of  300  or  400  fathoms, 
or,  let  UB  say,  1,S00  or  2,400  feet.  In  laying  the  cable,  however, 
bank  was  found  with  oulv  100  fathoms  of  water  on.  it  where 
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2,000  laUuNns  lud  been  expected,  and  throogti  a  vaffideturr  uf 
klacli  not  having  been  yaid  out  tbe  cable  vsb  mspenanl  in  festoon 
aad  broke  astern  of  tbe  ship.  Tbia  sboal  is  rnxsAed  on  the 
Admiralty  chait«  as  tbe  "  Seine  Bank,"  and  was  fo  called  &(nt 
tbe  fhip  that  discovered  it. 

From  a  otilitariaii  point  of  new  this  accident  is  an  iostmctiTe 
one,  as  tbe  aroonnt  of  money  spent  in  the  reoorery  of  the  lost 
cftble  waa  incomparably  great«r  than  tbe  expense  of  a  preliminaiy 
sorrey  could  have  been.  8oon  after  this  tbe  Josephine  and 
Gettygborg  BaDk:^  were  iliscovered. 

Profiting  by  pre>-iouB  exjierience,  the  Silvertown  Compenr 
delermined,  if  possible,  to  secure  a  good  bottom  for  the  cables 
they  bad  contracted  to  lay  for  the  Spanish  Xational  Submarine 
Telegraph  Company,  and  an  exceedingly  careful  and  extensive 
sorvey  vaa  made  of  tbe  ocean  bed  between  Spain  and  the  Canaries. 
The  ships  employed  on  the  work  were  the  telegraph  steamers 
"Dacia"  and  "International."  These  vessels  carried  snfficknt 
cable  to  connect  the  islands  of  Lb  Palma  and  Gran  Canaria 
with  Tenerife,  and  Tenerife  with  Cadiz. 

I  propose  to  give  some  details  of  this  expedition,  which  1 
accompanied,  as  it  may  be  considered  a  typical  one. 

The  ships  met  at  Cadiz,  and,  afler  landing  the  shore  end  there, 
started  soanding  on  the  4th  October,  1883,  having  been  joined  on 
the  previous  day  by  Mr.  J.  Y.  Buchanan,  F.U.S.,  who  is  well 
known  in  connection  with  the  "  Cliallenger"  Expedition. 

The  genera!  programme  was  for  the  "  Pacin"  to  ran  in  long 
zigzags  towards  Tenerife,  sounding  about  everj-  ten  miles,  or  as 
circumstances  directed,  while  [he  "Interniitional"  made  shorter 
and  closer  zigzags  nearer  to  the  African  coast.  ?ilap  A  gives  the 
tracks  of  the  two  ships.  We  will  first  follow  the  "  Dacia  "  in  her 
work. 

While  she  was  rnnning  her  second  zigzag  to  eeaward,  it  was 
noticed  that  were  this  course  continued  a  few  miles  it  would  cot 
the  old  soundings  between  Lisbon  and  Madeira  sit  a  point  where 
there  was  a  shoaling  of  from  2,400  to  1,800  fathoms.  This  shoaling 
seemed  suspicious,  and,  believing  in  the  jiossible  existence  of  a 
bank  somewhere  near,  the  veasel's  course  was  continued. 
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B    The  last  sounding  on  the  original  line  gave  2,400  fathoms, 
but  on  ranning  50  miles  farther  west  only  485  fathoms  were 
found.   The  whole  of  one  day  was  spent  in  exploring  the  bank  thus 
discovered,  and  I  will  quote  a  description  of  it  from  a  paper  read 
before  the  Royal  Society  of  Edinburgh  in   1885,  by  Mr.  J.  Y. 
Buchanan,  on  "  Oceanic  Shoals  discovered  by  the  a.s.  '  Dacia "  in 
**  1883."     Mr.  Buchanan  says :— "  The  discovery  of  this  bank,  or 
" '  coral  patch,'  may  fairly  be  claimed  as  a  success  in  marine  diag- 
*'  nosis.  The  shoalest  water  found  on  it  was  435  fathoms,  in  lat,  34° 
"  57'  N,,  long.  11°  57'  W.,  and  the  depth  ranged  up  to  600  fathoms. 
"  The  shallow  water  extends  for  a  distance  of  6  miles  in  an  east 
"  and  west  direction,  and  about  3^  milee  in  one  from  north  to 
*'  south.     On  the  western  edge  it  seemed  to  fall  away  precipi- 
*'  tously  from  550  to  about  850  fathoms,  when  the  slope  became 
*'  gentle,  and  the  bottom  changed  from  hard  coral  to  soft  ooze. 
"In  one   sounding   on  this  ledge   the  sinker  distinctly  struck 
"  bottom  in  550  fathums,  tumbled  over  and  continued  to  sink, 
"  struck  in  620  fathoms,  again  tumbled  over,  and  finally  found  a 
"  resting  place  in  835  fathoms.     When  it  came  up  it  had  a  large 
"  brownish-black  streak,  where  it  had  evidently  struck  obliquely 
"  on  manganese  rock.     This  was  a  very  remarkable  sounding,  and 
"  quite  undoubted."      The   coral   subsequently   brought   up   on 
Bwabs  was  examined,  and  found  to  be  growing  luxuriantly. 
^     Continuing    her  work,   the   "Pacia,"   after    another    zigzag 
Towards   Mogador,    steered    for    the  Seine  Bank,    which  is  the 
bank  I  referred  to  as  having  been  discovered  during  the  laying  of 
the  Lisbon-JIadeira  cable.     The  shoalest  water  found   by    the 
"Seine"  was  100  fathoms.      This,  and  another  sounding  of  118 
fathoms,  12  miles  away,  indicated  the  bank.     The  "Dacia's"  6rst 
sounding  struck  the  bank  in  118  fathoms,  but  a  later  sounding 
gave  only  89  fathoms.      Buoys  were  put  down,  and  a  survey  of 
the  bank  made.      This   mode  of  procedure   is,   in   my  opinion, 
the  only  way  to  get  good  results,  and  should  always  be  followed. 
The  distance  between  the  buoys  may  be  measured  by  running  the 
ship  between  them,  or  by  paying  out  wire  from  one  to  the  other, 
as  was  done  by  the    "Faraday"  when  surveying  the  Faraday 
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may  be  det«rraiDed  bjr  ordinarv  triangoUtioo,  and  aa  in  coming 
out  this  work  two  or  three  days  will  g^nerall^  be  occujiied,  tlie 
Utitodo  aod  longitade  of  ihe  locality  can  be  a«cantely  detemuned 
by  Bfn-eral  obeen'atioDs.  A  profile  of  this  bank,  from  X.  to  S.,  is 
given  on  Sheet  1. 

After  leaving  the  Seine  Bank,  the  "Dacia"  made  anothet 
discovery,  which  Mr.  Buchanan  has  described  in  the  follovtng 
terms: — "The  day  after  leaving  the  Seine  Bank  the  ralne  of 
*'  inarine  diagnosis  was  again  vindicated,  ^lien  about  170  mtlee 
"south  of  the  bank,  a  sounding  gave  1,16!)  fathoms  with  hard 
"  bottom,  where  at  least  1,800  fathoms  were  looked  for.  Another 
"bank  was  immediately  su§i>ected.  Three  miles  farther,  on  (he 
"»ame  course,  1,366  fathoms  were  found.  If  a  bank  existed  it 
"  Iiad,  therefore,  been  passed  over.  The  course  was  immediately 
"  reversed,  and  after  steaming  7  miles  back  a  sounding  gave 
"610  tathoms;  3  miles  brther  back  414  fathoms  were  found, 
"and  2  miles  farther  66  fathoms.  Half  a  mile  beyond  thiii 
"  sounding  230  fathoms  were  found.  The  ship  was  again  turned 
"  round  and  steered  to  the  southward  for  about  a  mile  and  a  half, 
"when  a  buoy  with  lights  was  put  over  in  175  fathoms,  and,at 
"  it  was  already  i>ast  midnight,  the  sbij)  lay  by  it  till  daylight." 

As  this  bank  lay  unpleasantly  near  to  the  ijroposed  line  of 
cable,  two  days  were  spent  in  determining  its  limits.  It  has  been 
called  the  "  Dacia  Bank"  by  the  Hydrographic  Office  of  lif 
Admiralty.     A  jirofile,  from  E.  to  W.,  is  given  on  Sheet  1. 

On  trying  to  raise  the  moorings  of  the  buoy  put  down  in 
175  fathoms,  with  but  little  spare  rope,  they  parted  at  75  fathoms 
from  the  bottom,  and  were  found  to  have  been  nearly  ibafed 
through  at  that  place.  This  clearly  showed  that  the  bank  must 
rise  almost  precipitously,  and  that  there  exists  a  wall  of  abool 
450  feet  in  height.. 

The  remarkable  esperience  of  the  "Dacia"  shows  that  a 
single  deep  sounding  does  not  prove  the  non-existence  of  s  bonk 
in  its  vicinity.  It  also  shows  the  necessity  of  taking  soundings 
at  shorl  intervals,  and  of  paying  attention  to  the  B'.igl.est  varia- 
tion apparent  in  neighbouring  soimdingi^. 

The  "International,"  working  nearer  to  the  Afiii-an  coast,  did 
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not  make  bdj  bucIi  elArtling  discoveries  as  the  "Dacia,"  but, 
nevertheless,  found  one  coral  jiatcli  and  four  other  shoal  spot.?, 
which,  as  they  were  off  the  actual  line  of  cable,  were  not 
thoroughly  explored.  There  is  little  doubt  that  shoaler  water 
can  be  found  in  their  neighbourhood  than  is  indicated  on 
present  charts. 

Between  Cadiz  aud  Tenerife  the  total  number  of  soundings 
Biken  was  S52.     In  spite  of  this  large  number  a  bank  in  the 
immediate  line  of  the  cable  was  missed,  and  not  discovered  till 
daring  the  laying- 
While  the  "  Dacia "  was    paying  out  cable,  the  movements 
Hf  the  strophometer,  which  registers  the  speed  of  the  paying-out 
drum,  and  the  behaviour  of  the  dynamometer  in, indicating  the 
strain  on  the  cable,  showed  signs  of  an  irregular  bottom.     Almost 
at  the  same  moment  the  "  International,"  which  was  ahead  sound- 
Hpg,  was  obaer\-ed  to  fire  a  rocket.     Shoal  water  being  suspected, 
the  "Dacia"  was  put  full  speed  astern  and  an   excess  of  cable 
^yas  iiaid  out.     On  getting  within  signalling  distance  the  "  Inter- 
K national"  reported  that  she  had  just  sounded  in  120  fatlioms, 
Bhus  proving  that  the  precautions  taken    had  not   been   super- 
fluous.    A  profile  of  this  bank,  shown  on  Sheet  1,  was  surveyed  on 
a  later  eipedition  by  the  a.s,  "  Silvertown,'"  and  the  shallowest 
funding  is  84  fathoms.     T)ie  bank  so  discovered  was  called  the 
'Concepcion  Bank  "  in  honour  of  the  Spanish  &igate  which  was 
smpanying  the  expedition, 

Nothing  but   the   prompt   way   in  which  the  situation  ms 

sped  by  the  engineer  in  charge  of  the  "Dacia's"  deck,  saved 

'the  cable  from  an  accident  similar  to  that  which  happened  to  the 

10^.  "Seine"   when  laying  the   Lisbon-Madeira   section   of  the 

razilian     Submarine     Telegraph      Company's      cables.       The 

'  International "    was    not    far    enough    ahead    to    enable   the 

Dacia  "  to  avoid  this  bank,  but  the  measures  taken  were  such 

to  render  it  almost  certain  that  the  cable  will  last  for  a  con- 

iderable   time.     Nevertheless,  this  point  is  always  considered  a 

reak  spot  in  the  line  ;  and,  should  any  repairs  become  necessary  in 

lis  neighbomhood  the  course  of  the  cable  will,  in  all  probabihty, 

diverted  so  as  to  avoid,  if  possible,  this  submarine  moimLain. 
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On  the  arrival  of  the  sliips  at  the  Canaries  they  proceeded  lo 
sound  between  the  islands,  and  during  the  whole  expedition  684 
aoundingfl  were  taken  for  a  length  overground,  in  connecting  the 
four  stations,  of  970  miles. 

Although  this  number  is  greatly  in  excess  of  what  is  usually 
considered  sufficient,  yet  a  still  more  thorough  investigation 
would  have  given  greater  satiafaction.  Sheet  1  shows  a  profile 
of  the  Santa  Cruz  de  la  Palma  and  Garachico  (Tenerife)  sectioa, 
The  bottom  in  this  neighbourhood  is  very  rocky,  and  the  inclines 
off  La  Palma  are  very  steep,  as  will  be  noticed.  I  have  extended 
this  profile  at  each  end  to  the  highest  point  in  each  island.  The 
Pico  de  Teyde  of  Tenerife  is  12,180  feet  high,  and  the  Pico  de 
Muchachos,  in  the  island  of  La  Palma,  is  7,690  feet  high.  The 
distances  of  these  peaks  from  the  sea  are  considerable,  and  a  line 
connecting  the  tops  of  each  with  the  shore  does  not  show  a  very 
steep  incline.  You  will  readily  believe  that  this  line  does  not  hi 
the  least  represeut  the  outline  of  the  west  side  of  Tenerife,  and  yet 
we  are  generally  asked  to  believe  that  the  outline  of  the  sea  bottom 
in  this  neighbom-hood,  and  in  others  exactly  comparable  with  it, 
can  be  plotted  down  from  soundings  taken  20  or  30  miles  apart. 
There  is  no  reason  why  the  part  of  Tenerife  below  the  water  should 
be  less  rugged  than  that  above. 

Probably  there  exists  no  bottom  in  the  world  more  unfavour- 
able to  cables  than  that  in  the  neighbourhood  of  these  Canary 
Islands,  and  it  is  exceedingly  satisfactory  to  find  that  all  the  care 
taken  in  this  survey  has  not  been  wasted,  as  the  knowledge  gained 
has  assured  the  intelligent  laying  of  the  submarine  cables  which 
connect  these  islands  together  and  also  join  them  to  the  European 
Continent. 

Two  other  profiles  seawards  from  Tenerife— one  off  Roxa  Point 
and  the  other  off  Teno  Point — are  also  shown. 

My  object  in  going  so  far  into  this  matter  liaa  been  to 
impress  upon  the  minds  of  submarine  cable  owners  the  risks  they 
run  in  allowing  their  cables  to  be  laid  over  sea  bottoms  imperfectly 
surveyed. 

I  have  purposely  avoided  giving  any  details  of  the  way  in 
which  the  work  was  carried  out,  as  I  hope  to  describe  this  fully 
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afterwards,   and   to  give   particulars   of  the   different  machines. 
Bounding  tubes,  thenaoraeterB,  &c.,  used. 

On  another  voyage,  when  returning  from  a  cabie-laying 
expedition  in  the  Brazils,  t!ie  "Dacia"  took  43  soundings,  chiefly 
between  Senegal  and  Cadiz. 

P  111  1884,  previous  to  laying  the  St.  Vincent-St.  Jago  cable,  46 
soundings  were  taken  by  the  a.s.  "  International" — an  average  of 
about  one  to  every  four  miles  of  cable  course.  After  laying  this 
cable  she  went  to  Dakar,  on  the  West  African  coast,  and  began 
the  survey  for  the  Ten erife- Senegal  cable,  sounding  towards 
Tenerife.  Tlie  "  Silvertown,"  meantime,  had  come  out  to  the 
ii^landi!  with  the  Senegal  cable,  and  also  with  that  to  be  laid 
between  I^nzarote  and  Oran  Canaria. 

One  of  the  results  of  the  survey  before  laying  this  last  section 
was  the  discovery  that  the  reef  off  Jandia  Point,  on  the  S.W, 
extremity  of  the  island  of  Fuerteventura,  instead  of  running 
out  3'8  miles,  as  shown  on  the  then  most  Teceat  Admiralty 
charts,  extends  to  13  miles.  As  the  cable  had  to  be  taken  round 
this,  a  considerable  increase  had  to  be  made  in  the  length  of  the 
section. 

The  survey  for  the  Senegal  cable,  in  which  the  same  way  of 
procedure  was  followed  as  in  that  for  the  Canary  Islands  cables, 
showed  that  the  bottom  there  is  thoroughly  satisfactory ;  and, 
although  during  the  laying  of  the  cable  the  grapnel  was  down, 
no  difficulty  was  met  with,  as,  out  of  five  drags,  the  cable  was 
hooked  four  times  in  1,600  fjithoms,  and  was  brought  up  to  the 
surface  and  spliced  in  the  third  working  day. 

The  total  number  of  soundings  taken  between  Tenerife  and 
Senegal  was  230,  over  a  course  of  about  800  miles. 

The  "International"  acted  as  consort  to  the  "Silvertown" 
during  the  laying  of  the  Senegal  cable,  and,  on  the  latter  leaWug 
for  England,  proceeded  towards  Sierra  I^one,  sounding  and 
examining  landing  places.     She  took  40  soundings  in  all. 

When  returning  from  the  West  Indies,  at  the  beginning  of 
1885,  the  "  Dacia  "  took  GO  soundings,  chiefly  in  the  old  Bahama 
channel,  and  some  striking  irregularities  were  discovered  in  that 
region  of  coral  cays. 
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MWf  •fMVi  M  mimj'  mamlim  of  Ivgie  riran  ba»c  ta  be 

flMatjiM  r>f  rU  *<  Kn/rqni<wr'ii "  >arT#7  vm, l&«n,  to iw)  wbetfaar 
lh«  (ifKllnM  rr'/m  th«  IfK^-fathom  lin«  to  de^  vster  b  one  m 
irtil«h  «  tmiAf  «tiM  akbl;  b«  Uid,  eboonog,  if  po»ilde,  b  deptb 

'riiA  "  MiiOMiiMtr  "  It  II  tOMill  st«am«r  of  460  (oof.  Hm-  spe«d 
IsJtlcfitf  lil  knot'*,  Mrd  ih^  carriea  two  toatidiD^  mAcbines  u>d> 
llinrnii((h  (w|iil[)mrat  of  tli«  tnttrutaenU  and  gear  necessary  for 
■iiiiufllnff. 

Till!  iii|ipillrion  wii*  [indfir  tlift  rontrol  of  Mr.  J.  V.  Bnchanan, 
RHinli'd  liy  Mr,  .1.  Idtiimy  iih  imiurnlisl.  Both  these  gentleme 
V(iltiiilA«ri<d  I'l  ni'i!ntii|iiuiy  tlii^  Kxiiedition  to  a  part  of  iJ 
Allnrilii'  ]illliorti>  urii>i|>li)r»d,  in  the  liope  of  obtaioiDg  iiifor- 
iiialUiii  wlili'li  Hiiiilil  iiii]i|ilitmnnt.  the  reHUlts  oblained  durmg  the 
"(JlinllniiK"!  "  KniiciliUuii.  I  am  ({lad  to  ftay  that  ttiis  hope  tra« 
I. 
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The  total  number  of  |>ersons  on  board  wfts  nine  officers  and 
47  men.  Any  scientific  work  not  interfering  too  much  with  the 
primary  object  of  the  expedition  was  to  be  carried  oat,  and  a 
great  deal  was  done  in  this  direction.  It  hardly,  however,  comes 
within  the  scope  of  my  paper,  and  time  will  not  allow  me  to 
do  any  more  than  briefly  mention  the  actual  sounding 
work. 

The  way  of  procedure  adopted  on  the  "Buccaneer"  for 
obtaining  her  object  waa  to  run  out  from  the  100-fathom  line, 
sounding  at  such  intervals  as  would  not  give  a  greater  increase 
in  depth  than  200  fathoms  between  two  consecutive  soundings, 
until  a  suitable  inchne  waa  met  or  a  level  bottom  reached.  A 
series  of  courses  was  therefore  run  from  abore  at  various  points 
on  the  coast  where  changes  in  the  regular  features  of  the  bottom 
might  be  expected,  and  the  profiles  so  obtained  were  connected 
by  a  line  of  soundings  in  fairly  deep  water, 

The  general  feature  of  the  profiles  along  the  Guinea  coast 
is  the  very  steep  incline,  especially  on  the  east  side  of  all  the 
chief  points ;  this  is  well  marked  in  the  profile  from  Cape  Three 
Points,  shown  on  Sheet  1.  Within  the  influence  of  the  Niger 
and  Congo,  and  other  rivers,  the  slopes  are  abnormally  gentle. 
A  profile  is  shown,  on  Sheet  1,  from  Gaboon,  and  you  will 
contrast  this  with  the  one  just  below  it. 

Between  Sierra  Leone  and  Cape  Three  Points  eight  profiles 
were  t^ken,  consisting  of  128  soundings.  A  very  curious  gully 
off  Bassam,  on  the  Ivory  Coast,  was  visited  and  explored.  This 
gully  is  called  on  the  Admiralty  charts  the  "Bottomless  Pit." 
The  "Buccaneer's"  second  sounding  struck  it,  and  five  profiles 
were  taken  parallel  with  the  coast  line.  Map  B  shows  the 
soundings  and  contour  lines  of  this  interesting  gully,  which, 
perhaps,  at  some  distant  period  waa  the  mouth  of  the  River  Akba. 

After  leaving  Porto  Novo  a  fairly  straight  line  was  run  to 
8.  Thome.  At  this  island  some  days  were  spent  in  taking 
profiles,  some  of  which  are  on  .Sheet  1.  The  reproduced  profile 
which  extends  out  to  Gaboon  is  that  over  which  the  cables  were 
subsequently  laid,  and  it  will  be  noticed  that  the  slopes  on  this 
are  not  so  steep  as  on  some  others  ;  but  all  these  slopes,  a;  well 
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For  the  St.  Jago-Bathurst  section  of  the  African  Direct  Tele- 
graph Company ■«  cables  t  he  "  Silvertuwn  "  took  53  soundings ;  and 
the  bottom  seeming  everything  that  could  be  wished,  tbia  was 
considered  enough. 

In  her  subsequent  work  between  Bathuret  and  the  I>les  do  Lob 
flhe  was  accompanied  by  the  a.s.  "  Buccaneer;"  and  this  brings 
nie  to  speak  of  the  latter  vessel's  recent  survey  of  (he  west  coast 
of  Africa  from  SieiTa  Leone  to  St.  Paul  de  Loauda,  a  length  of 
coast  line  of  about  3,000  mile.s. 

When  thia  expedition  started,  the  Silverlowu  Company  con- 
sidered it  certain  that  a  cable  would  shortly  he  laid  to  connect 
the  European  possessions  on  the  west  coast  of  Africa  with  the 
Cape  Verd  Islands,  and  there  seemed  every  probability  of  this 
company  obtaining  the  contract  for  a  part  of  the  work,  Aa  the 
"Buccaneer"  was  then  on  the  coast,  it  was  decided  that  she 
should  make  a  survey,  with  the  idea  that  her  aoundings  would  be 
of  uae  under  any  circumstances. 

All  along  the  weint  coast  of  Africa  there  is  a  considerable 
stretch  of  shallow  water — that  ia  to  say,  under  100  fathoms;  but  I 
need  not  remind  you  that  ground  of  this  kind  is  very  unfavour- 
able for  cables,  and  nowhere  more  so  than  on  this  coast,  where 
there  is  a  good  deal  of  rock,  where  the  currents  are  very  strong, 
and  where  so  many  mouths  of  large  rivers  have  to  be  crossed. 
The  object  of  the  "  Buccaneer's "  sun'ey  was,  then,  to  find  whether 
the  incline  from  the  lOll-falhom  Une  to  deep  water  is  one  on 
which  a  cable  could  safely  be  laid,  choosing,  if  possible,  a  depth 
of  oOO  fathoms. 

The  "  Buccaneer  "  is  a  small  steamer  of  460  tons.  Her  speed 
is  about  12  knots,  and  she  carries  two  sounding  machines  and  a 
thorough  equipment  of  the  instruments  and  gear  necessary  for 
sounding. 

The  eiqtedition  was  under  the  control  of  Mr.  ,T.  Y.  Buchanan, 
assisted  by  Mr.  J.  Kattray  as  naturalist.  Both  these  gentlemen 
volunteered  to  accompany  the  expedition  to  a  part  of  the 
Atlantic  hitherto  unexploretl,  in  the  hope  of  obtaining  infor- 
mation which  would  supplement  the  results  obtained  during  the 
"Challenger"  Expedition.  I  am  glad  to  say  thai  this  hope  was 
rfa!ii«pd. 


r 


,]  SDBMARmE  TELEGBAPHT.  49S 


The  total  number  of  persons  oti  board  was  nine  officers  and 
7  men.  Any  ncientific  work  not  interfering  too  much  with  the 
primary  object  of  the  expedition  was  to  be  carried  out,  and  a 
great  deal  waa  done  in  this  direction.     It  hardly,  however,  comes 

t within  the  scope  of  my  paper,  and  time  will  not  allow  me  to 
do  any  more  than  briefly  menlion  the  actual  sounding 
irork. 
The  way  of  procedure  adopted  on  the  "Buccaneer"  for 
obtaining  her  object  was  to  run  out  from  the  lOO-fathom  line, 
Bounding  at  such  intervals  as  would  not  give  a  greater  increase 
in  depth  than  200  fathoms  between  two  consecutive  soundings, 
until  a  suitable  incline  was  met  or  a  level  bottom  reached.  A 
series  of  courses  was  therefore  run  from  shore  at  various  points 
^Bon  the  coast  where  changes  in  the  regular  features  of  the  bottom 
might  be  expected,  mid  the  profiles  so  obtained  were  connected 

»by  a  hne  of  soundings  in  fairly  deep  water. 
The  general  feature  of  the  profiles  along  the  Guinea  coast 
k  the  very  steep  incUue,  esjiecially  on  the  east  aide  of  all  the 
chief  points;  this  is  well  marked  in  the  profile  from  Cape  Tliree 
Points,  shown  on  Sheet  1.  Within  the  influence  of  the  Niger 
ind  Congo,  and  other  rivers,  the  slopes  are  abnormally  gentle. 
A  profile  is  shown,  on  Sheet  1,  from  Giiboon,  and  you  will 
contrast  this  with  the  one  just  below  it. 

Between  Sierra  Leone  and  Cape  Three  Points  eight  profiles 
were  t^ken,  consisting  of  128  soundings.      A  very  curious  gully 

Poff  Basaam,  on  the  Ivory  Coast,  was  visited  and  explored.     This 
gully  is  called  on  the    Arhninilty  charts  the  "Bottomless  Pit." 

The  "Buccaneer's"  second  sounding  struck  it,  and  five  profiles 

^Kvere  taken  parallel  with  the  coast  line.  Map  B  shows  the 
l^^sonndings  and  contour  lines  of  this  interesting  gully,  which, 
perhaps,  at  some  distant  period  was  the  mouth  of  (he  River  Akba. 
After  leaving  Porto  Novo  a  fairly  straight  line  was  ma  to 
S.  Thome,  At  this  island  some  days  were  spent  in  taking 
profiles,  some  of  which  are  on  Sheet  1,  The  reproduced  profile 
which  entenda  out  to  Gaboon  is  that  over  which  the  cables  were 
subsequently  laid,  and  it  will  be  noticed  that  the  slopes  on  this 
are  not  so  steep  as  on  some  others ;  hut  all  these  slopes,  as  well 
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a<>  tliose  of  Principe,  are  of  the  steep  character  usually  met  with 
in  the  neighbourhood  of  volcanic  islands. 

After  sounding  to  Principe,  the  "  Buccaneer  "  ran  to  Gaboon, 
and  on  her  way  back  to  S.  Thome  took  the  very  complete  profile 
shown  on  Sheet  1. 

Continuing  the  work  south,  a  line  was  run  to  the  Congo,  and 
here  some  valuable  work  was  done.  The  current  in  thia  immense 
river  ie  very  strong,  and,  while  sounding,  the  ship's  engines  had  to 
be  kept  half-speed  ahead.  With  hemp  Sounding  line  it  would 
have  been  impossible  to  get  bottom.  Some  interesting  profiles 
were  taken  across  the  mouth  of  the  river.  One  taken  north  of 
Shark  Point  showed  that,  well  in  the  river,  we  have  an  enormous 
channel  2  miles  wide  and  242  fathoms  deep.  These  soundings  in 
the  mouth  of  the  Congo  alone  would  furnish  ample  material 
for  a  separate  paper. 

At  Loanda  the  survey  on  the  line  of  cable  ended,  and  the 
ship  returned  home  via  Ascension,  sounding  and  doing  other 
scientific  work  during  the  ^wissage.  The  total  number  of  sound- 
ings for  the  whole  voyage  was  411. 

l^Tiilst  the  rejiairs  were  being  effected  by  the  b,b. 
"  International,"  in  1886,  to  one  of  the  Havana-Key  West 
cables,  9  soundings  were  taken  in  order  to  supplement 
those  made  on  former  expeditions  to  this  ])Brt  of  the  world, 
and  56  for  the  purpose  of  finding  a  route,  for  some  short 
cables,  along  the  Cuban  coast.  During  the  latter  work  a 
striking  case  occurred,  showing  clearly  the  value  of  careful 
sounding.  In  selecting  a  landing  place  at  Havana  for  the 
I  coast  cable,  the  soundings  off  the  spot  chosen — which,  by  the 
way,  was  the  only  one  available  owing  to  the  nature  of  the  coast 
— showed  a  little  way  from  the  shore  a  sudden  drop  into  a  deep 
gully.  To  the  westward  soundings  proved  the  continuation  of 
this  gutly,  while  to  the  eastward  the  bottom,  on  the  other  hand, 
slioaled  abruptly  with  almost  a  vertical  cliff.  Instead  of  choosing 
between  what  appeared  to  be  two  necessary  evils,  the  sounding 
machine  was  agaiu  set  to  work,  with  a  most  happy  result. 
Between  the  two  bad  profiles  a  gradual  slope  was  found  running 
out  into  deep  water — not  very  broad,  but  broad  enough  for  the 
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cable  to  safely  rest  on,  if  carefully  laid  ;  thuB,  with  a  little  extra 
trouble,  a  good  landing  place  was  secured.  The  two  profiles 
referred  to  are  shown  at  the  bottom  of  Sheet  1,  and  marked  "  San 
"  Lazaro  Landing."  The  dotted  line  is  the  profile  running  straight 
out  from  shore  into  the  gully,  and  the  line  that  on  which  the 
cable  was  laid.  A  profile  ia  also  shown  from  Cojimar  which  is 
remarkable  for  its  steepness. 

In  the  early  part  of  this  year  the  "  Buccaneer,"  while 
repairing  a  cable  off  the  mouth  of  the  Congo,  spent  some 
<»nsiderable  time  taking  further  soundings  in  that  neighbour- 
hood, and  on  her  way  home  sounded  between  the  islands  of 
Anno  Bora,  S.  Thome,  and  t'ernando  Po.  During  the  whole 
voyage  183  soundings  were  taken.  Map  C  gives  the  apparent 
form  of  the  Congo  caiion  or  gully  after  these  latter  soundings.  The 
positions  of  the  20:i  soundings  are  shown  in  dots  of  half  a  mile 
diameter,  which  will  give  some  idea  of  the  distances  between  the 
soaudings. 

This  is  the  last  survey  I  have  to  mention.  I  have  not  in  any 
way  attempted  to  give  you  a  history  of  deep-sea  sounding. 
Soundings  which  are  merely  useful  as  indicating  depths  of  water 
in  certain  parts  I  have  almost  entirely  neglected,  dealing  only 
with  those  which  have  been  taken  with  the  object  of  ascertaining 
the  configuration  of  the  ocean  bed  in  certain  localities ;  and  I  need 
scarcely  add  that  this  work  has  been  done  almost  exclusively  by 
telegraph  ships. 

I  will  now  call  your  attention  to  the  instruments  and  machines 
used  in  Hounding,  beginning  with  the  sinkers. 

I  have  already  mentioned  that  probably  the  first  reliable 
deei>-8ea  soundings  ever  taken  were  by  Sir  James  Ross  in 
1818,  To  Koss  is  also  due  the  invention  of  the  so-called  "  deep- 
"«e3  clamro,"  by  means  of  which  specimens  of  the  bottom  were 
for  the  first  time  brought  up  from  great  depths  in  any  quantity. 
apparatus  was  in  the  form  of  a  pair  of  spoon  forceps,  kept 
while  descending,  but  on  striking  bottom  closed  by  a  falling 
Aght.  A  fair  sample  of  the  bottom  was  generally  brought  up 
between  the  spoons,  sometimes  as  much  as  6  lbs.  in  weight.  Two 
separate  casts  were  usually  made— one  to  ascertain  the  depth, 
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and  the  other  to  recover  bottom.     The  line  used  was  a  S^-incti 
whale  line  of  the  best  hemp. 

The  small  weight  recoiu  meuded  by  Ross  us  a  sinker  makei 
one  sceptical  as  to  the  value  of  his  soimdingti,  and,  indeed,  mauj 
of  tbem  have  since  been  removed  from  our  charts. 

The  very  oldest  form  of  sinker  was,  of  course,  the  ordinary 
deep-Bea  lead,  armed  at  the  bottom  with  tallow ;  and  another  old 
model  was  the  "  lead  cup,"  a  sketch  of  which  is  shown  in  Fig.  1. 
It  U  a  very  useful  arrangement  for  small  depths. 

The  first  great  improveineot  in  sounding  v&s  the  invention  of 
a  detaching  sinker  by  Lieut.  Brooke,  of  the  United  Statets  Navy. 
His  invention,  shown  in  Fig.  2,  enabled  a  very  heavy  weight  to 
be  used  as  a  sinker,  which,  on  striking  bottom,  was  detached 
and  left  behind  when  the  tube  was  drawn  uji.  The  arrangement 
is  so  simple  that  it  hardly  needs  explanation.  On  the  tubeB 
litrikiug  bottom  the  lines  A  A  slack,  and  allow  the  anns  C  C  to  be 
pulled  down  by  the  weight  D.  When  these  arms  have  reached 
the  |K>sitions  indicated  in  dotted  lines,  the  stings  supporting  the 
weight  have  slipped  off,  and  the  tube  can  be  brought  ap  alone. 
This  principle  is  the  same  as  that  applied  by  Hooke  two  ceutarie.' 
ago,  and  of  which  mention  was  made  in  the  early  part  of  thi' 
paper. 

Brooke's  tube  was  improved  ou  by  Commander  Dayiuau,  BJJ., 
and  used  successfully  by  him  ou  the  "Cyclops"  in  1837.  A 
modification  of  it  has  recently  been  devised  by  ^Ir.  Benest,  of  tlie 
Silvertowu  Company,  and  is  found  to  answer  well.  It  is  made 
in  a  cheap  form  with  gas  piping,  and  is  useful  when  a  length  of 
wire  not  altogether  to  be  depeuded  ou  has  to  be  used,  aud  it 
is  not  advisable  to  risk  an  expensive  Instrument.  One  of  these 
tubes  is  on  the  table. 

The  American  idea  of  a  thiu  line  and  heavy  weight,  as  used 
on  the  "Dolphin"  in  1853,  was  undoubtedly  a  step  in  the  right 
direction.  It  is  quite  possible  to  take  a  fairly  accurate  sounding  in 
£00  or  600  fathoms  with  small  twine  aud  a  304b.  sinker,  and  Hub 
system  might  very  well  be  used  on  telegraph  ships  while  laying  a 
cable,  when  it  is  of  importance  to  have  as  little  delay  as  possible. 
No  attempt  at  recovery  would  be  successful,   and  the  sounding 
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I  is  only  useful  as  indicating  the  depth.  In  an  ordinary  survey, 
where  sonndings  are  being  taken  close  together,  and  where 
the  character  of  the  bottom  is  pretty  well  known,  every  alternate 
cast  might  be  taken  with  twine. 
An  altogether  new  Byetem  of  Bonnding  was  adopted  on  the 
U.S.S.  "  Arctic  "  in  1857.  On  this  occasion  the  depth  was  found 
by  Maasey's  machine.  This  ajjparatiiB  is  a  fairly  goo<l  one, 
and  has  been  used  pretty  recently.  Its  principle  is  well  known 
^k'to  all  sailors  and  telegraph-engineers.  It  registers  the  vertical 
descent  only  by  indicating  the  revolutions  of  the  horizontal 
_  helis  attached  to  the  sinking  weight,  and  the  depth  is  quit*? 
H'indeiiendent  of  the  amount  of  line  paid  out.  On  the  U.8.8. 
■>"  Yantie,"  in  1870,  when  134  soundings  were  taken  in  this  way, 
^Pthe  length  of  line  paid  out  was  sometimes  as  much  as  double  the 
H  vertical  depth. 

^B  Passing  over  the  "Bulldog  "and  "Fitzgerald"' machines,  which 
^■were  soon  superseded,  we  come  to  the  "  Hydra."  This  was  invented 
by  a  blacksmith  on  board  H.M.S.  "  Hydra,"  and  is  a  very  good 
machine.  It  is  shown  in  P'ig.  3.  The  weights  are  supported 
^Vby  a  line  jkissing  over  a  stud  (D).  On  striking  bottom  the 
sounding  line  slacks  and  allows  the  spring  C  to  return  to  its 
natural  position,  shown  in  dotted  line,  and  iu  so  doing  to  push 
the  nling  off  the  stnd  D.  The  adjustment  of  the  spring  is  of 
great  importance,  as  if  it  is  too  strong  the  weights  are  detached 
ion  the  least  slacking  of  the  line.  This  machine  was  used  on  the 
}"  Challenger." 

The  *'  Baillie "  machine   (Fig.  4)   is,  probably  an   improve- 

lent.     The   brass  tube   A   has   its  upper   edges    bevelled,  and 

it    slides   lip    and   down   an    iron   weight,    shown  in   dotted 

[lines,  having  whouldei-s  on  its  upper  edges.     The  sinker  it  held 

ap   by  a  aling   passing  over  these  shoulders,  which,  when  the 

[Height  is  suspended,  project  above  the  tube  A.     When  bottom  is 

^Btruck  and  the  strain  is  taken  off,  the  wire  naturally  slackens ;  the 

alunger  H  then  sinks  into  the  tube  A,  and  the  sling  supporting 

Itbe  sinker  slips  off  the   rounded    edges   of  the   tube   A,   thus 

Ibecoming  detached. 

Both  the  "  Baillie  "  ami  the  "  Hydra  "  machines  have  butterfly 
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vatves  inside,  so  that  tbey  seldom  lail  to  bring  up  a  good  sample 
of  bottom. 

The  tube  used  on  the  "Blake"  was  what  is  known  as  the 
"  Sigabee-Belknap."  A  section  of  this  is  shown  in  Fig.  5.  The 
sinker  is  suspended  bj  a  sling  jtafsed  over  the  hook  B.  On  the 
tube  striking  bottom,  the  lever  A  (Fig.  6)  falls,  and  allows  the  hook 
B  to  tumble ;  the  sling  then  slips  off  the  hook,  and  the  weight  is 
released.  The  small  spring  C  helps  in  this.  Fig.  7  shows  the 
weight  slipped  and  the  hook  kept  back  by  the  spring  C.  This 
detaching  gear,  which  is  a  decidetl  improvement  on  an;  of  the  then 
existing  forms,  has  seldom  been  known  to  fail,  but  is  liable  to  do  so 
when  the  bottom  is  very  soft  ooze,  as  then  the  whole  tube  buries 
itself  and  the  lever  A  is  prevented  from  falling.  Another  objection 
is  that  the  weight  is  not  always  kept  on  long  enough  to  force  the 
tube  well  into  the  bottom.  To  remedy  this  defect,  and  to  suit  the 
"  Silvertown  ■"  method  of  sounding,  a  tube  was  arranged  which 
only  releases  the  sinker  on  the  wire  being  hauled  taut  in  picking 
up. 

A  section  of  this  instrument  is  shown  in  Fig.  8,  and  details  of 
the  detaching  gear  in  Fig.*.  9  and  10. 

Fig,  9  shows  the  detaching  gear  ready  to  lower  away,  the 
weight  being  carried  by  a  soft  iron  wire  passing  over  the  hook  A. 
The  lower  edge  of  the  lever  B  is  a  knife  edge,  and  works  against- 
the  side  of  the  hook  A  with  a  ?hearing  action.  In  the  position 
shovm  in  Fig.  9  this  knife  is  prevented  from  cutting  by  the 
tumbler  D  ;  but  on  striking  bottom  the  wire  slacking  allows  the 
lever  B  to  fell,  freeing  the  tumbler  D,  and  the  spring  C  capsizes 
this  tumbler  into  the  position  shown  in  Fig.  10.  Then,  on  the 
wire  being  hauled  taut  from  on  board,  the  knife  is  free  to  cut  the 
filing  and  release  the  weight.  This  arrangement,  although  pos- 
sessing excellent  qualities,  and  to  a  great  extent  reaUsing  the 
objects  for  which  it  was  de(-igned,  has  some  weak  points.  It  is 
certainly  an  advantage  to  have  a  strain  on  the  wire  before  the 
sinker  is  released,  because  this  enables  the  wire  to  be  hauled 
taut  and  got  vertical  ;  but  the  jerk  which  is  almost  necessary 
to  make  the  knife  cut  the  sliug  U  dangerous,  and  may  carry 
atrajr  the  wire.     Again,  tke  knite  Tcva-Y  be  blvmt,  ot  out  of  adjust- 
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ment,  or  the  wire  sling  rather  hard  for  cutting,  and  the  weight 
is  not  detached.  Besides  these  disadvantages,  the  one  I  pointed 
out  in  the  "  Sigsbee-Belknap  "  is  also  present  :  the  knife  cannot 
released  unless  the  lever  is  tree  to  fall,  and  sometimes  it  is 
bedded  in  mud  and  cannot. 
The  "  Sigsbee-Belknai) "  tube  has  a  spring  valve  at  the  bottom, 
very  nicely  adjusted,  and  seldom  fails  to  bring  up  a  specimen  of 
bottom.  The'SSilvertown"  tube,  besides  this,  baa  three  small  tubes, 
placed  side  by  side,  and  the  specimen  of  the  bottom  is  held  in 
these,  while  the  bottom  water  alone  goes  into  the  main  tube. 
To  maintain  the  essential  points  of  the  cutter  arrangement 
own  in  Figs.  8,  9,  and  10,  and  at  the  same  time  to  get  rid  of 
e  of  its  bad  points,  I  have  recently  arranged  a  detacher.  The 
general  arrangement  is  shown  in  Fig.  12.  The  chief  difference  is 
in  the  slipping  arrangement,  details  of  which  are  shown  in  Fig.  11, 
A,  B,  C,  There  are  three  positions.  First,  when  paying  out  wire 
(A,  Fig.  11),  the  wire  sling  supporting  the  sinker  is  supported  on 
the  hook  H,  which  is  kept  from  capsizing  by  the  stud  D.  On 
striking  bottom  the  spring  .S  polls  the  stud  D  down  to  the  posi- 
n  shown  in  B,  Fig.  II ;  but  the  cant  of  the  hook  H  is  not 
enough  to  allow  the  sling  to  slip  off.  AMien,  however,  the  wire  is 
hauled  on  board,  the  stud  D  is  pulled  up  into  the  first  position 
again,  and  in  doing  so  capsizes  the  tumbler  completely,  and  the 
sling  slips  off  the  hook.  There  is  also  a  difference  in  the  water 
tube,  which  is  made  to  hold  1  litre,  this  being  the  smallest 
amount  of  any  use  to  a  chemii^t. 

When  no  specimen  of  bottom  water  is  required,  this  large  tube 
can  be  replaced  by  a  simple  pipe,  or  a  set  of  three  pipes,  all  of 
which  are  made  interchangeable. 

The  arrangement,  however,  has  never  been  tried,  and  I  will  not 
take  up  any  more  time  with  it. 

It  is  sometimes  hard  to  tell  whether,  in  the  case  of  the  tube 
bringing  up  no  specimen,  this  is  due  to  rock,  hard  sand,  or 
(itremely  soft  ooze.  On  the  "Buccaneer"  nil  old  notches  and 
tain  the  bottom  of  the  tube  were  carefully  filed  down  after 
ery  sounding,  and  if  fre.>ih  ones  a]ipeared  it  was  considered 
,ir  to  conclude  that  rock  had  been  struck. 
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The  beat  way  to  find  out  whether  a  bottom  is  rocky  or 
not  is  to  tow  a  grapnel  over  the  grounil,  as  has  been  done  by 
Messrs.  Siemens  Bro;^, 

I  must  now  go  back  to  1872,  which  is  the  year  in  which 
deej>-sea  sounding  was  revolutionised  by  Sir  W.  Thomson  Bd- 
vocating  the  use  of  pianoforte  wire  for  the  purpose.  We  have 
already  seen  that  as  early  as  1838  iron  wire  was  tried  in  the 
United  States  Navy,  and  ten  years  later  in  our  own.  Both 
these  trials  resulted  in  failm-es.  Sir  W.  Thomson's  very  first 
sounding  was  a  suceest^,  and  the  way  in  which  it  was  taken 
cliflered  from  previous  attempts  in  little  else  but  a  fonn 
of  brake  wliich  he  arranged.  I  said  this  sounding  was  « 
snecess,  but  perhaps  I  should  have  said  half  of  it  was.  The 
maclune  used  to  recover  the  wire  broke  down  completely. 
Sir  W.  Thomson's  method  was  taken  up  by  the  Sdvertown 
Company,  and  at  the  end  of  1872  they  took  the  soundings 
required  for  the  laying  of  the  Lizard-Bilbao  cable  with  wire,  as 
already  mentioned,  using  a  machine  of  their  own  for  its  recovery. 
These  soundings  were  Buecessful.  Tlie  United  States  Navy,  how- 
ever, were  no  slower  in  adopting  the  new  method,  and  in  their 
hands  Sir  W,  Thomson's  machine  nnderwent  much  improvement. 
In  August,  1874,  a  complete  set  of  wire  sounding  machinery  was 
fitted  to  the  "Blake."  The  "Tuscarora"  had  already  done 
splendid  work  with  a  similar  machine. 

In  1873  the  "Challenger"  Expedition  sailed,  and  10,000 
fathoms  of  wire  were  shipped  on  board.  No  use,  however,  was 
made  of  it,  although  it  was  found  imiwssible  to  get  bottom  in  the 
three-knot  current  of  the  Gulf  Stream  by  the  hemp  lines 
employed. 

The  "Challenger"  Expedition  was  not  a  sounding  ex- 
pedition only,  and  very  valuable  instruments  were  frequently 
attached  to  the  sounding  lines.  Under  these  eircumsf-ancea,  and 
bearing  in  mind  that  time  was  of  no  imjjortanee,  as  other 
scientific  work  was  always  going  on  during  a  sounding,  there  is 
little  doubt  that  the  lines  employed  were  on  the  whole  the  best 
suited  for  the  general  purposes  of  the  expedition. 

JVo  one  has  now  any  doubt  as  to  We  sij.\«\\QTvt,'3  of  steel  over 
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ip  for  purely  sounding  pmiuses.     A  glance  at  the  relative 
of  hemp  and  wire  sounding  lines  is  nlmoBt  enough,  and  a 
very  brief  Btatement  of  the  advantages  of  wire  will  suffice. 

Ite   first  great  advantage  is  its  high  breaking  strain — some 
8  times  that  of  the  best  hemp,  hulk  for  bulk.     Its  nest  is  its 
lOOth  Burfoce  and   small   superficial  area,  offering   very  little 
reals tance    to    water.      In    most    depths    the    striking    of   the 
sinker   on    bottom    Is   made   at   once   evident   by   the    sudden 
slackening    of    the    wire.      The    method    of    sounding    intro- 
duced   by    Sir    W.    Thomson    was    to   balance   the    length    of 
wire  out  by  weights  on   a   brake   straji,   and   thus    ensure   the 
topping    of   the   drum  the   moment    the    weight    overboard  Is 
uced  by  the  sinker  coming  to  rest  on  the  bottom.     Fig.  13 
iws  a  very  pretty  way  of  increasing  the  weight  on  the  brake 
as  the  wire  runs  out.     Every  turn  of  the  drum  moves  a  weight 
^jlldlng  on  the  lever,   to  which   is  attached   the  brake  straj),  a 
^Httle  farther  out,  and  consequently  increases  the  brake  power, 
^^Uias  automatically   carrying    out   Sir    W.   Thomson's    method. 
^^Mthough   this   manner  of  sounding   is   a   very    sure   one,   and 
^i»erhaps   under  certain    conditions   the   beat,   it    is  not  usually 
^^fcmployed.     It  is  found,  in  practice,  that  if  a  fair  rate  of  paying 
out  is   maintained  by   means    of    a    sufficiently    heavy    sinker, 
and   if  necessary  by   diminishing  the  brake  power,  there  is  no 
difficulty  in  detecting  when  bottom  is  struck.     This  is  observed 
by  the  sudden  diminishing  of  the  speed  at  which  the  wire  runs 
out.     With  practice  it  is  easy  to  distinguish  between  this  and  any 
slacking  due  to  movement  of  the  ship. 

The  following  tables  show  the  rate  of  descent  per  100  fathoms 
during  a  sounding  taken  on  board  the  "  International "  in  1883. 
I  have  chosen  this  as  being  a  fair  sample  of  work. 
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yailinm*. 

Time. 

laterraL 

Hour. 

Min. 

See. 

Xin.  Sm. 

0 

3 

33 

45 

~- 

100 

3 

34 

25 

0 

40 

SOD 

3 

35 

10 

0 

45 

300 

3 

35 

56 

0 

46 

400 

3 

37 

46 

0 

50 

500 

3 

38 

40 

0 

54 

600 

3 

39 

35 

0 

55 

700 

3 

40 

30 

0 

55 

800 

3 

41 

28 

0 

58 

900 

3 

42 

28 

0 

1,000 

3 

43 

32 

4 

1,100 

3 

44 

34 

2 

1,200 

3 

45 

36 

2 

1,300 

3 

46 

43 

7 

1,400 

3 

47 

55 

12 

1,500 

3 

49 

8 

13 

1,600 

3 

50 

25 

17 

1,700 

3 

51 

40 

15 

1,800 

3 

52 

50 

10 

1,900 

3 

54 

5 

15 

2,000 

3 

65 

20 

15 

2,015 

3 

55 

30 

__ 

Corrected  depth  =  2,U60. 


Ilonr.  Min.  See. 
4       0     30 
4     22     40 

0     48     55 


began  picking  up. 

lead  up. 

total  time  of  sounding. 


Tlie  mean  ritte   of  sinking   of  hemp   lines,  taken  from 
"Cliallengei"  Report,  la  given,  o.s  ^oWo-ss,-. — 
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TtthoTDt. 

Time 

Iiiterr*!. 

Bonr. 

Mm. 

Sec. 

Mia.    Sec 

500 

9 

0 

0 

— 

600 

9 

1 

8 

1       8 

700 

9 

2 

21 

1     13 

800 

9 

3 

39 

1     18 

900 

9 

5 

2 

1     23 

1,000 

9 

6 

30 

1     28 

1,100 

9 

8 

3 

1     33 

1,200 

9 

9 

40 

1     37 

1,300 

9 

U 

21 

1     41 

1,400 

9 

13 

5 

1     44 

1,500 

9 

14 

52 

I     47 

1,600 

9 

16 

42 

1     50 

1,700 

9 

18 

34 

1     52 

1,800 

9 

20 

28 

1     54 

1,900 

9 

22 

24 

1     56 

2,000 

9 

24 

22 

1     58 

Vou  will  notice  tliat  there  is  a  very  considerable  difference 
•jf  time  in  favour  of  tlie  wire,  althongli  with  it  the  sinker 
employed  was  only  about  a  tenth  of  the  weight  of  the 
"  Chaiienger's." 

If  is  not  in  paying  out  only  that  the  enormous  advantage 
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^f  wire   over    hemp    cornea    in,   but    in    the   recovery.      From 


^pths  up  to  2  miles  wire  can  be  wound  in  with  the  ship  going 
8  or  9  knots,  and  there  need,  consequently,  be  no  delay  on  this 
head ;  while  with  hemp  Hoes  the  recovery  of  2,000  fathoms  would 
lake  about  2\  boors,  and  could  only  be  effected  with  the  ship 
stopped. 

I  I  have  found  from  a  number  of  soundings,  the  aggregate  depth 
of  which  was  144,500  fatlioms,  that  the  mean  rate  of  paying  out 
was  99  fathoms  per  minute,  and  of  the  recovery  90  fathoms  per 
minute— the  laat,  however,  with  the  ship  stopped,  except  for 
the  last  200  or  300  fathoms. 

I  have  seen  a  complete  sounding  taken  in  1,000  fathoms  in 
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18  min.  16  sec^  in  1,500  fothoms  in  37   min.  15  sec.,  and  in 
2,000  fathoms  in  37  min.  45  sacs. 

The  sonnding  which  I  have  ^ven  as  an  example  of  the 
average  rate  of  sinking  was  also  a  remaTknble  one,  in  so  for  that 
the  ainker  did  not  become  detached,  and,  with  this  weight  on, 
the  wire  was  recovered  at  the  usaal  rate  without  accident. 

I  now  come  to  the  machine  used  in  the  recovery  of  the  wire, 
and,  without  going  back  to  any  old  forms,  shall  simply  draw  your 
attention  to  two  patterns,  which  are  about  the  best.  Fig.  14  is 
an  outline  of  the  machine  designed  by  Sigsbee,  and  used  on  the 
**  Blake."  It  is  a  very  perfect  machine,  and  particularly  suited 
for  a  small  and  lively  ship.  Its  principal  parts  are  the  dmm  (A) 
on  which  is  wound  the  wire,  the  auxiliary  pulley  (B)  used  while 
heaving  in  to  relieve  the  drum  of  the  strain,  the  jockey  wheel 
(C),  the  swivel  pulley  (D),  the  accumulator  contained  in  the  tnbe 
H,  and  the  brake  (E). 

The  drum  is  made  light,  in  order  to  have  as  little  inertia  and 
momentum  to  overcome  as  possible.  Its  circumference  is  one 
fathom.  An  indicator  is  attached  to  the  axle,  which  registers 
the  number  of  revolutions.  The  auxiliary  pulley  B  is  com- 
posed of  three  pulleys— one  for  the  wire,  one  for  the  bell 
going  to  the  drum,  and  the  other  for  the  belt  from  the 
driving  engine.  A  crank  is  attached  to  the  axle,  and  is  used  to 
assist  in  starting  the  engine.  The  jockey  wheel  C  is  an  ordinary 
gun-metal  one  with  a  V-shaped  score,  and  the  wire  passes  over  this 
both  in  iJaying  out  and  reeling  in.  Its  circumference  is  3  feet,  and 
an  odometer  being  attached  to  its  axle  the  amount  of  wire  paid 
out  canbethusobtaiued.  A  very  important  feature  in  this  machine 
is  the  accumulator,  which  is  composed  of  spiral  springs  contained 
in  two  vertical  tubes,  one  of  which  is  shown  at  H.  These  springs 
are  connected  with  the  cross-head  of  the  jockey  wheel  by  means  of 
chains  passing  over  the  pulley  K.  The  cross-head  moves  in  steel 
slides,  and  rises  and  falls  as  the  weight  on  the  wire  varies, 
indicating  on  a  scale  the  strain  in  pounds.  On  the  "  Blake  "  this 
machine  was  placed  at  the  side  of  the  vessel,  and  about  midships. 
As  might  be  expected,  it  was  found  that  the  rolling  of  the  ship 
interfered  with  the    work  very  much.       To  remedy   this  an 
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ingenious  governor  was  devised  by  Sigsbee,  making  use  of  the  rise 
and  fall  of  the  croaa-head  to  regulate  the  brake  power.  The 
swivel  pulley  D  is  constructed  to  nllow  the  wire  to  be  reeled  in  at 
any  angle  when  the  ship  is  going  ahead. 

Figs.  15,  16,  and   17   thow  the  construction  of  the   machine 

used  by  the  Silvertown  Company,  and  give  more  of  its  details 

than    I   have   been  able  to  show  in   the  case  of  the  American 

luacbine.    It  differs  from  this  last  chiefly  in  having  the  engine  —a 

Email  rotary  one  (E) — on  the  same  base  as  the  rest  of  the  machine, 

and  in  there  being  two  pottitions  of  the  drum — one  for  paying  out, 

and  another  for  reeling  in.     The  drum  on  Its  carriage  is  moved 

out  by  the  rack  and  apur-wheel,  as  shown  in  Fig.  16,  into  the 

lx>Bition  shown  in  dotted   line  in  Fig.  15,  and  the  wire  passes 

directly  overboard  without  any  intermediate  pulley.    Ad  odometer 

attached  to  the  drum  shaft  gives  the  length  out  in  fathoms,  after 

applying  a  correction  for  the  varying  diameter  of  the  drum  on 

account  of  the  wire  being  reeled  on  it.    For  reeling  in,  the  drum  U 

tnoveii  back  into  the  position  shown  in  Fig.  15,  and  the  wire  leads 

en  to  it  after  going  over  the  swivel  pulley  and  round  the  auxiliary 

pulley.      The  auxiliary  pulley  is  driven  by  spurred  gearing  from 

the  engine,  and  from  it  a  belt  passes  up  to  the  drum.  This  belt  is 

tightened  as  required  by  means  of  a  levev  and  wheel  (X,  Fig.  15). 

It  would  be  invidious  to  go  into  the  different  merits  of  these 

two  machines.    They  are  designed  for  different  purposes — Sigebee's 

for  a  midship  position  on  a  small  vessel,  and  the  Silvertown  oue 

for  a  ijosition  at  the  stern  of  a  fair-sized  ship.     The  accumulator 

in  Sigfibee's  is  certainly  a  valuable  supplement,  not  only  as  an 

accunmlator,  but  also  as  a  strain  indicator.     On  the  "  Buccaneer  " 

an  ordinary  spring  balance  was  used  for  this  last  jiurpoae,  and 

worked  so  well  that  the  lifting  of  the  tube  out  of  the  mud  could 

be  detected.     Sigsbee's  method  of  applying  the  brake  is  a  good 

one,  and  the  difference  in  the  readings  on  the  two  spring  balances 

gives  the  resistance  imposed  on  the  wheel. 

The  gauge  of  the  wire  generally  used  for  sounding  is  '030  of 
aa  inch.     The  breaking  strain  is  about  230  lbs.     Its  weight  is 
IJ  lbs.  per  100  fathoms,  and  cost  about  7d.  or  8d.  per  pound. 
Drums  of   wire,  when    not   in    use,  .should  be   kept  in   iron 
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nir-tight  tanks,  filled  viib  a  solution  of  caustic  soda,  oil,  or  lime- 
water. 

Passing  on  to  deep-sea  deposits,  the  Followiiig  table  gives  the 
names  of  the  six  principal  kinds  commonly  met  with  t — 

Principal  Kinds  of  Deposits. 

1.  Shore  depoBits. 

2.  G-lobigerina  ooze. 

3.  PteroiKMi  ooze. 

4.  Diatom  ooze. 

5.  Radiolarian  ooze. 

6.  Red,  grey,  and  chocolate  clays. 

Of  these,  the  ehore  deiiosits  may  be  looked  on  as  the  worst, 
chemically  speaking,  for  a  cable.  In  shallow  inshore  waters  sub- 
marine cables  are  exposed  to  the  dangerous  effects  of  decaying 
anijnal  and  vegetable  matter,  whicli  is  sure  to  be  present,  more 
particularly  near  the  mouths  of  large  rivers.  The  iodine  con- 
tained in  seaweed  has  been  known  to  rapidly  destroy  iron.  It  is 
a  good  rule,  both  mechanically  and  cliemicallv  speaking,  never  t* 
lay  a  cable  in  shallow,  if  deep  water,  with  a  fairly  level  bottom, 
can  be  found  anywhere  near. 

It  is  extremely  difficult  to  say  what  action,  if  any,  goes  OB 
between  the  iron  of  a  cable  and  any  of  the  component  parts  of 
deep-sea  deposits;  nor  is  it  easy  to  determine  what  are  the  com- 
jionent  parts  of  deep-sea  deposits  which  are  known  to  be  most 
dangerous  to  the  armour  of  a  oible.  The  effects  produced  are, 
however,  unmistakable,  and  of  not  unfrequent  occurrence ;  for, 
though  the  specimens  obtained  on  a  line  of  soundings  may  lead 
us  to  believe  that  the  bottom  is  quite  harmless,  experience  haff 
repeatedly  shown  that  here  and  there  isolated  patches  exisl  of 
Bome  agent  very  destructive  to  llie  sheathing  wires. 

Globigerina  ooze  is  not  found  at  greater  depths  than  2,500 
fathoms,  and  ptero^Kid  ooze  not  deeper  than  1,500;  the  reason 
for  this  being  that  the  delicate  shells  of  carbonate  of  lime  which 
compose  these  cannot  withstand  the  action  of  the  water  sufficientlv 
long  to  sink  deeper.    This  dissolving  action  of  the  eea  water  is 
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line   to  the  presence  of  free  carbooic  acid  gas,  and  also  to  its 
alkalinity. 

Of  all  bottoms  tliese  oozes  are  the  ones  to  he  preferred.  The 
fact  of  their  being  found  shows  that  uo  currents  exist  in  those 
parts,  and  they  are  so  soft  that  the  cable  sinks  far  down  into 
them.  The  old  idea  that  currents  do  not  exist  nt  any  great 
depths  has  long  since  been  rejected.  Currents  may  exist  at 
almost  any  depth.  Between  the  Canary  Islands  there  are  strong 
currents  1,000  fathoms  below  the  surface,  and  their  scouring 
action  may  be  clearly  detected, 

In  many  places  in  the  ocean  bed,  no  doubt,  outcrops  of  veins  of 
minerals  exist  as  they  do  on  land,  and  where  possible  these  are  to 
be  avoided.  Between  Havana  and  Key  West,  in  the  West  Indies, 
and  indeed  throughout  almost  the  whole  of  the  West  Indies  and 
the  Gulf  of  Sleiico,  deposits  are  found  which  have  caused  great 
damage  to  cables  through  chemical  action.  The  existence  of 
these    deposits    was    treated    on    in    the  Electrical   Beview   of 

16th  August,  1886. 
It  is  on  repairs  to  submarine  cables  that  the  most  valuable 
tipportunities  occur  of  gaining  experience,  which  are  either 
too  seldom  taken  advantage  of,  or  the  results  Loo  seldom 
ttiade  public.  Broken  or  damaged  cables  should  be  studied 
ihemically  on  the  spot  along  with  the  (reshly-collected  mud. 
Both  mud  or  ooze  and  the  products  of  corrosion  of  the  cable 
Undergo  great  chemical  alteration  in  drying  or  in  being  preserved 
*et  under  circumstances  which  differ  much  from  those  existing 

Kthe  bottom  of  the  ocean. 
There  is  another  matter  which  I  have  to  mention,  and  that  is 
e  impoi-tance  of  taking  the  temperature  of  the  water  at  the 
bottom  pretty  frequently.  Besides  the  great  importance  of 
knowing  the  temperature  of  every  mile  of  cable  after  laying, 
bottom  temperatures  enable  the  student  to  predict  with  tolerable 
accuracy  the  existence  of  submarine  ridges,  and  aid  him  materially 
in  arriving  at  his  conclusions  as  to  the  configuration  of  the  ocean 
bed.     The  form  of  thermometer  generally  used   is  Buchanan's 

iMiller-Casella." 
I  need  hardly  remind  you  that  of  just  as  mnck  im^ttancQ  a& 


PRO 

AT  U  R  A 

tto  a, I 


4 


<<OfT 


i^' 


!w  A  V  ^■ 


l&ST.] 


DISCUSSION. 


eu 


I 


there  is  no  doabt  that  this  can  best  be  effected  by  putting  down 
hnoys  when  possible. 

Id  coDcliiding,  I  desire  to  express  my  best  thanks  to  the 
Silvertown  Company  for  the  opportunities  afforded  me  in  pre- 
paring the  paper  to  which  you  have  so  kindly  given  a  hearing. 


The  President  !  I  see  that  Captain  Wharton, the  Hydroerapher  tl. 
to  the  Admiralty,  is  present,  and  X  hope  he  will  favour  us  with 
any  particulars  of  recent  improvements  in  the  matter  of  soundings 
which  have  come  under  his  notice,  or  have  been  introduced  in  his 
department. 

Capt.  W.  J.  L.  Wharton,  R.N.,  F.R.S. :  Mr.  President  and  cupi. 
gentlemen, — Aa  one  who  takes  a  very  great  interest  in  deep-sea 
sounding  in  all  its  phases,  I  listened  with  much  pleasure  to  Mr. 
Sfallibrass's  paper.  I  think  there  is  nothing  in  it  that  has  more 
interest  than  the  discoveries  which  heve  been  made  of  those  bank» 
in  the  Atlantic  during  the  recent  surveys  made  by  the  Silvertown 
Company  and  by  the  "  Seine ; "  they  are  very  significant  to  all 
who  have  to  do  with  deei)-9ea  sounding,  because,  as  Mr.  Buchanan 
and  Mr.  Stallibrass  have  pointed  out,  they  show  how  very  little 
dependence  can  be  placed  on  one  deep  sounding  as  evidence  of 
uon-existence  of  banks.  Single  soundings  every  here  and  there 
in  the  open  sea  appear  close  together  on  a  chart ;  but  if  the  depth 
of  the  water  is  plotted  down  on  paper  aa  a  section,  you  will  see  that 
really  it  does  require  a  very  little  slope  to  produce  a  shoal^it  may 
be  even  a  dangerous  shoal — within  five  or  six  miles  of  the  straight. 
This  has,  I  think,  however,  always  been  recognised.  Sounding  is 
still  in  its  infancy :  the  world  is  very  large ;  and,  until  the  submarine 
telegraph  cables  demanded  it,  nobody's  attention  was  very  much 
drawn  to  the  matter ;  and  it  really  almost  seems  as  if  it  has  taken 
all  this  time  to  recognise  the  necessity  of  the  soundings  being 
close  together  for  telegraph  purposes.  It  appears  that  only  in 
very  recent  expeditions  have  soundings  been  taken  as  closely  as 
we  see  that  they  have  been  done  in  the  sections  described  to  up 
to-night,  I  feel  a  little  bit  on  my  defence  to-night,  and  perhaps 
io  the  defence  of  my  jiredecessore  in  the  Hydrogiaphic  Office, 
becaueei  though  Mr.  Stallibrass  did  not,  I  am  sure,  mean  any 
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reflection,  there  is  no  doubt  that  his  remark*  sound  as  if  tiie 
British  Admiralty  had  been  rather  behindhand  in  deejctvea 
sounding,  especially  when  regarded  in  contrast  with  the  action  of 
the  United  States  Government.  But  I  would  ask  you  gentlemen 
to  consider  what  the  British  Hydrographic  Office  has  to  do  as 
cooij>ared  with  the  United  States.  Only  a  certain  amount  of 
work  can  be  done  with  a  certain  amount  of  money ;  and  our  ships 
of  commerce  continually  demand  fresh  charts,  not  so  much  of  the 
deep  seas,  but  of  the  coasts  and  of  the  shores,  and  it  is  more  than 
we  can  do  to  keep  up  to  those  demands.  If  I  were  allowed  to 
employ  twenty  ships  instead  of  eight  or  nine,  as  is  the  case,  we 
still  should  not  have  enough.  That  is  one  of  the  reasons  why  no 
regular  deei}-sea  sounding  expeditions  have  been  fitted  out  by  the 
British  Admiralty.  But  at  the  same  time  the  matter  has  not 
been  altogether  lost  sight  of.  Our  Rurveying  ships  are  continually 
at  work  all  over  the  world;  they  are  all  fitted  with  sounding 
npimratui',  and  they  are  all  frequently  getting  soundings  while 
going  on  with  their  ordinary  work,  without  costing  any  money  or 
much  time,  and  not  interfering  with  their  ordinary  avocations. 
These  soundings  have  been  taken  here  and  there,  and  in  the 
aggregate  there  have  been  a  very  considerable  number  of  them 
in  the  past  years.  I  may  mention  that  at  this  moment  one  of 
H.M.'s  surveying  ships  has  been  sent  specially  across  the  Indiau 
Ocean  where  no  soundings  have  ever  been  obtained,  for  the  sole 
purpose  of  deep-sea  sounding.  She  is  going  from  the  Straits  of 
Sunda  to  Mauritius,  and  from  Mauritius  south,  and  on  to  AustraKa, 
After  that  she  as  going  to  obtain  soundings  in  the  Pacific,  across 
that  ocean  from  New  Zealand  in  the  direction  of  the  Sandwich 
Islands,  All  that  will  be  done  in  the  ordinary  course  of  her 
duties,  so  that  we  have  not  altogether  lost  sight  of  this  very 
important  part  of  our  work. 

There  is  another  ^xiint.  We  have  been  rather  slow  in  taking 
up  wire.  That  Mr.  Stallibrass  himself  has  [jartially  explained, 
inasmuch  as  he  mentioned  that,  as  in  the  "  Challenger,"  with  the 
delicate  instruments  that  are  sent  to  the  bottom,  the  line  has  its 
advantages ;  and  I  entirely  concur.  I  think  that — especially  where 
^ou  are  not  continually  sounding,  and  you  are  not  thoroughlv 
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conversant  with  the  wire— yoii  have  more  chance  of  losing  thec»p< 

°  Wharlon. 

lat ter ;  at  least,  that  is  our  esperience  up  to  the  present  time.  At 
t  he  same  time  wire  is  gradually  coming  more  into  use,  and  ia  now 
adopted  in  our  surx'eying  ships,  which  are  all  supplied  with  it,  and 
are  giving  us  excellent  results,  aa  Mr,  Stallibrass  shows,  at  the 
exi>ense  of  mnch  lesa  time.  Nevertheless,  when  we  send  the 
instruments  down  to  the  bottom,  we  prefer  to  use  the  line.  I  have 
recently  been  trying,  with  very  great  success,  galvanised  wire.  We 
have  used  it  now  for  over  a  year  in  two  ships,  and  we  get  the  very 
best  results  with  it ;  it  saves  all  the  trouble  of  keeping  the  wire  in 
a  jireaen'ative  Bolution,  and  the  galvanising  is  now  carried  on  to 
such  perfection  that  we  have  hud  no  difficulty  in  the  way  of  the 
galvanising  working  off  and  the  line  nisting. 

I  do  not  know  that  I  have  anything  more  special  to  mention, 
and  I  think  I  have  detained  the  meeting  long  enough. 

Mr.  J.  V.  Buchanan,  F,R,S.  :  Mr.  President, — It  has  given  me  ur. 
very  great  ])leasure  indeed  to  listen  to  the  very  luraiuous  paper 
{rhich  I  have  heard  from  my  former  shipmate  Mr.  Stallilnrass  to- 
Tlight.  1  think  it  has  fixed  our  attention  on  most  of  the  things 
t  hat  ha\-e  to  be  done  in  the  course  of  a  surveying  expedition  with 
the  view  to  the  laying  of  a  deep-sea  cable.  Perhaps  the  only 
fault  one  might  find  with  it  is  that  Mr.  Stallibrass  has 
endeavoured  to  cover  i-ather  too  much  ground,  and  has,  in 
consequence,  dissappoinled  us  from  time  to  time  by  passing  too 
rapidly  from  one  interesting  subject  to  another. 

With  regard  to  the  sounding  with  wire,  to  which  Captain 
Wharton  has  just  referred,  1  think  it  might  have  been  indicated 
by  Mr.  Stalhbrass,  as  the  result  of  our  experience  in  the 
"  Buccaneer,"  that  in  order  to  secure  durability  it  ie  necessary  that 
the  wire  should  be  fingered  as  little  as  ]iosaible.  The  machine 
should  be  so  arranged  that  the  wire  runs  out  over  the  pulley  by 
which  it  ia  going  to  be  brought  in  again,  and  when  the  weight  ia 
at  the  bottom  there  should  be  nothing  left  to  be  done  but  to  start 
the  engine  and  heave  it  «p  again  ;  aud  when  it  is  hove  up  it  should 
be  immediately  ready  for  another  sounding.  In  that  way  a  wire, 
even  ungalvanised,  will  last  for  a  very  long  time ;  and  there  is  no 
objection,   if  if    is  in    careful    hands,   to    eulTO&t    %\«i    twvN.'i 
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inHtrumentfi  to  it,  I  am  particularly  glad  to  hear  that  galvanined 
wire  in  the  hands  of  officers  of  the  Royal  Navy  has  given  good 
resulta,  because  it  undoubtedly  simplifiee  matters  enormously.  In 
the  "  Challenger  "  hemp  Hue  was  used  exclusively.  If  we  had  used 
wire  for  pbysical  researches — i.e.,  for  temperature  observations,  and 
collecting  specimens  of  water — we  should  very  soon  have  been  in  a 
state  of  starvation  from  want  of  instruments,  if  we  had  not  starved 
before  for  want  of  wire. 

I  think  that  the  paper  which  Mr.  Stallibrass  has  given  ns 
points  a  moral  to  which  it  might  be  well  to  give  some  prominence. 
It  is  to  the  assistance  which  science  renders  to  telegraphy,  and 
telegraphy  reciprocally  to  science.  Of  course  submarine  tele- 
graphy is  bom  of  science.  It  was  a  scientific  subject,  and  in  its 
commencement  was  worked  out  purely  scientifically  ;  and,  after  all, 
science  is  nothing  more  than  the  application  of  common  sense  in 
directions  which  do  not  pay ;  business  is  the  application  of  common 
sense  in  directions  which  occasionally  do  jiay.  Kut  when  science 
has  brought  forth  business  there  is  no  reason  why  it  should  be 
thrown  over.  It  is  recognised  by  law  that  children  should  support 
their  parents,  and  the  cable-laying  companies  have  not  failed  in 
this  duty.  All  of  them,  in  the  nature  of  their  business,  have  had 
to  call  in  science  continually,  and  have  given  science  a  lift  where 
they  could  ;  and  I  think  they  cannot  complain  that  science  has  not 
given  them  a  lift  in  return, 

I  think,  although  I  am  not  a  telegrax'h-engineer,  I  may  say 
that  a  telegraph  cable  should  lie  on  mud.  If  we  find  hard 
ground,  we  know  that  there  must  be  something  to  prevent  the 
accumulation  of  sediment.  Now  the  only  thing  which  prevents 
the  accumulation  of  sediment  is  a  current,  and  one  help  that 
telegraph  sonndings  have  thus  given  to  geographical  science  is 
the  indication  that  tidal  currents  exist  even  at  very  great  depths 
in  the  open  ocean.  Another  purely  scientific  result,  more 
especially  from  the  "  Dacia's  "  work,  is  that  coral  islands  in  their 
development  probably  all  pass  through  the  stage  of  being  cal- 
careous pillars,  built  up  by  deep-aea  corals,  before  receiving  the 
tropical  reef-building  species. 

I  would  call  your  patUcnW  a.^.laxv'i.va'a  \.<i  tia^  'jwo'iVis  isC  the 
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section  Tenerife  to  La  Palma,  which  showi*  how  the  general  io-"'-. 
clination  of  the  land  above  water  is  continued  comparatively 
below  water  j  and  that  is  one  of  the  contributions  to  ecience 
afforded  by  the  telegraph  laid  amongst  the  Canary  Islands, 
namely,  that  the  same  form  of  ridge  and  valley  continuea  below 
water,  due  to  the  viscous  flow  of  the  volcanic  lava ;  and  this 
Decessitates  very  great  care  in  laying  cables. 

The  determination  of  temiierature  has  also  been  referred  to,  in 
a  sentence  or  two,  by  Mr.  Stallibrass,  as  attempted  during  two 
Silvertown  expeditions,  and  many  useful  results  have  been 
obtained.  In  the  West  Coast  of  Africa  we  found  that,  owing  to 
the  lovniess  of  the  temperature,  if  the  cable  were  laid  all  dovni 
the  coast  in  a  depth  of  not  more  than  50  fathoms,  there  would  be 
no  more  trouble  with  marine  animals  than  if  it  were  laid  in  the 
English  Channel ;  so  that  although,  as  we  have  heard,  a  shallow- 
water  cable  is  not  advantageous  on  other  grounds,  if  it  should 
turn  out  to  be  so  we  would  have  no  hesitation  in  putting  it  in 
that  water.  I  do  not  know  that  I  should  take  up  your  time  by 
referring  to  anything  further,  because  the  subject  is  so  interesting 
that  one  could,  in  one's  remarks,  perhaps  emulate  the  length  of 
the  paper, 

The  Pkesident  :  I  suppose,  Mr.  Buchanan,  that  on  the  West 
Coast  of  Africa  you  drop  down  very  soon  from  shallow  water  into 
very  deep  water  ?  That  is  what  I  gather  from  Wyville  Thompson's 
book. 

Mr.  BccHANAS ;  Off  what  is  known  as  the  West  Coast  of  Africa 
it  goes  down  very  rapidly ;  at  the  mouths  of  the  great  rivers  it 
runs  out  for  a  great  distance. 

The  President:  I  think  Captain  Tizard — who,  I  believe,  was  Th« 
in  charge  of  the  deep-sea  soundings  on  the  "Challenger"  Expedi- 
tion— is  here,  and  we  shall  be  very  glad  to  hear  any  remarks  he 
will  kindly  favour  us  with. 

Capt.  TiZARD,  R.N. :  My  experience  in  sounding  has  been  with  u«pt. 
bemp  line  only.     I  have  listened  with  a  very  great  deal  of  interest 
to  Mr.  Stall i brass's  paper,  and  especially  to  his  remarks  ujwn  the 
employment  of  wire  for  deep-sea  sounding.     I  have  not  had  an 
opporinnity  of  using  wire,  but  I  quite  agree  in 'N\iat\iess.'3ft — ^^a^. 
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^■p'-  wire  is  the  thing  for  the  future  ;  there  is  no  doubt  about  it.  For 
a  sounding  line  the  wire  is  the  thing,  but  I  think  for  other  pur- 
poses, Buch  as  bringing  np  hea\'y  instruments  from  the  bottom, 
the  hemp  line  will  still  have  to  be  used. 
Mr  BrgTit.  Mr.  Charles  BRJiiHT,  jun. :  The  remarks  which  have  dropped 
from  the  last  speakers  are  full  of  interest  und  value;  at  the 
Baine  time — if  I  may  be  permitted  to  say  so — I  think,  in  the 
Society's  interest,  we  should  do  well  not  to  forget  the  test 
before  us  this  evening,  which  is,  I  believe,  deep-sea  sounding  lu 
connection  with  submarine  telegraphy,  rather  than  the  history 
and  utility  of  deep-sea  soundings.  As  far  as  the  utility  and 
scientific  interest  of  such  soundings  is  concerned,  there  is, 
probably,  no  doubt  about  that  in  anybody's  mind;  but  the 
ijuestion  as  to  what  wtent  they  are  especially  warranted  iu  con- 
nection with  aubmnrine  telegraphy  appears  to  me  to  be  another 
matter  altogether. 

It  is  pretty  universally  acknowledged,  I  suppose,  that  the 
more  soundings  taken,  in  the  vicinity  of  the  proiwsed  line  for  a 
cable,  the  better;  an[|,  furthermore,  the  value  of  a  thorough 
knowledge  of  the  nature  as  well  as  of  the  con6guration  of  the 
bed  is  also,  I  should  have  thought,  undisputed;  but  it  is  always 
well,  from  a  business  jioint  of  view  at  any  rate,  to  consider  the 
other  side  of  the  question — in  this  case  that  of  time  and  exfiense. 

Now  Mr.  StalUbrass  has  toM  ua  that  the  cost  of  jiianoforte 
steel  sounding  wire  is  7d.  or  8d.  per  pound;  but  he  has  not 
alluded,  however  (probably  for  lack  of  time),  to  the  entire  cost 
entailed,  roughly  speaking,  by  sending  out  a  suitable  ship  and 
staff  to  carry  out  the  very  thoroiigh  preliminary  survey  which 
he  has  recommended. 

I  think  it  was  as  early  aa  1860  (or  about  the  time  that  the 
joint  committee  appointed  by  Parliament  had  submarine  cables 
under  their  consideration)  that  our  Past-1'resident  Mr.  W.  H. 
Preece,  in  a  paper  read  before  the  Institution  of  Civil  Engineers 
on  the  "Durability  and  Maintenance  of  Submarine  Cables  in 
Shallow  Water,"  said  that  we  ought  to  know  just  as  much  about 
the  bottom  of  the  sea  as  we  do  about  the  crust  of  the  earth — or 
words  to  that   eft'ect^for  whith  be  was  severely  taxed  by  the 
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^Hhe  emment  engiaeer  presiding  on  tlie  occasion.  Now,  however,  >"■  BrfiAii 
^Bttiis  is  pretty  well  acknowledged,  and  we  try  to  carry  the  idea  out 
a^  far  OS  practicable.  I  imagine  that  the  scale  on  which  this  notion 
of  .soundings  can  he  put  into  practice  must  necessarily  depend  upon 
circumstances,  i.e.,  the  length  of  time  and  purse  available.  P"or 
example,  it  is  not  an  altogether  unusual  occurrence  for  a  cable  to 
be  required  hy  a  certain  date,  leaving  insufficient  time,  perhaps, 

I  or  any  preliminary  sur\'eying  espedilion  at  all ;  moreover,  the 
ost  of  manufacture  and  laying  of  a  cable  is  often  found  quite 
mough  without  adding  that  of  any  extra  work,  the  ultimate 
advantages  of  which  can  never  be  certain.  This  should  be  i)ar- 
ticularly  remembered  in  connection  with  the  early  Atlantic 
telegiHphy  referred  to,  when  it  must  have  been  sufficiently 
difficult  to  get  the  public  to  put  their  money  in  the  project  at 

K[f  and  would  have  been  far  greater  If  the  cost  of  any  previous 
rveying  expedition  had   had  to  be  provided  for.     I  am   fully 
aware  that  in  many  eases  it  has  been  found  that  the  said  cost 

KDuld  have  been  considerably  less  than  the  final  expense  involved 
f  the  subsequent  repairs,  the  necessity  of  which  has  been 
;tributed  solely  to  no  proper  bed  having  been  selected  for  the 
cable,  or  else  to  an  unavoidable  irregular  bottom  not  being 
adequately  provided  for  (owing  to  ignorance  of  its  existence),  as 
by  i«ying  out  a  sufficiency  of  slack  cable  to  meet  the  contingency: 
ipvertheless,  I  suppose  that  the  element  of  chance  in  any  case 
must  be  an  important  factor ;  that  is  to  say,  it  occurs  to  me 
that  no  mailer  h<nv  closely  soundings  are  taken— suppose  even 
they  are  taken  at  distances  of  two  miles  only  (the  fact  is  the 
more  soundings  one  takes  the  more  one  wants  to  take) — even  then 
there  is  quite  a  possibility  of  the  existence  of  a  gulley  or  bank  in 
between  these  sounding  sjmts,  as  indeed  proved  (by  the  author's 
own  showing)  to  be  the  cjise  with  the  Coucepcion  Bank,  where 
a  most  careful  preliminary  survey  had  been  made  between  Spain 
and  the  Canary  Islands— perhaps  the  most  careful  ever  made  up 
to  that  time— and  yet  it  was  only  at  the  most  critical  moment  in 
laving  the  cable  mid-oceaii  that  the  said  bank  was  discovered. 

t  Of  course  the  chance  of  mishaiia  is  cunsiderably  reduced  in 
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b.Bughi,  time,  the  original  expense  19  also  increased  in  the  same  degree, 
which,  I  maintain,  may  or  may  not  be  repaid  as  the  case  may  btif 
for  in  the  same  way  there  is,  perhaps,  just  as  much  chance  of  a' 
moderately  even  bottom.  This  latter  fact  does,  of  course,  all  the 
more  credit  (from  one  point  of  view)  to  those  who  decide  on 
the  long-sighted  policy  of  risking  as  Httl?  as  possible  by  sjiendit; 
more  money  at  the  out-set.  There  im  rather  more  probability  o^ 
an  even  bottom  where  clay  and  ooze  are  found  in  a  long  opei 
stretch  of  deep  water ;  but  (as  Mr.  Stallibrass  says)  in  the  neigh- 
bourhood of  volcanic  islands,  on  the  other  hand,  the  bottom 
most  likely  to  be  irregular,  just  as  much  below  as  aboi-e  the 
surface  of  the  water.  I  think,  therefore,  that,  without  being  very 
thoroughly  familiar  with  the  condition  of  affairs,  it  would 
manifestly  unwise  to  condemn  any  instances  where  sounding 
have  not  been  taken  in  a  comprehensive  manner  previoua 
laying  a  submarine  cable. 

The  Lisbon-Madeira  cable  has  been  cited  as  an  example  wher 
a  more  complete  preparatory  survey  would  have  more  than  repaid' 
the  expense  afterwards  Involved  by  repairs ;  but  I  am  sure  the 
author  did  not  mean  us  to  take  this  one  instance  into 
argument  alone  without  taking  into  account  the  many  othe 
cables  which  have  been  laid  and  in  most  capes  are  having,  or  have 
had,  fairly  long  lives,  notwithstanding  that  no  such  tomplet 
survey  waa  effected  previous  to  their  deposit.  Indeed,  by  far  the 
largest  proportion  of  cable  at  present  submerged  is  that  whicl 
waa  laid  previous  to  1879,  before  which  date  no  adequate  numbei 
of  soundings  to  be  of  any  practical  utility  for  diagnosing  tho^ 
bottom  were  ever  taken ;  and  yet  the  majority  of  these  cables 
are,  I  believe,  in  capital  working  order,  without  having  required 
any  extraordinary  number  of  repairs.  I  am  not  mentioning  this 
as  an  argument  in  opposition  to  the  necessity  of  soundings,  but 
merely  as  a  point  that  should  be  kept  in  mind. 

I  would,  moreover,  remind  the  meeting  that  there  is  a  very' 
marked  difference  l>etween  the  circumstancen  that  existed  in  the. 
early  days  of  submarine  telegraphy  and  those  which  we  at  present 
enjoy,  if  only  from  the  fact  that  it  was  not  until  1872  that  steel 
Hire  was  introduced  in  a  prBclicaV  fotm  by  Sir  William  Thomsoi 
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a  substitute  for  hemp.     This,  I  coiiteiiti,  made  a  very  material  Mr.  Bright 

change  in  the  practicability  of  soundiug  work  for  oar  purposes. 

^g      It    occurs   to   me    that    Mr.   Stallibmss    might    have    even 

strengthened  his  point — !.«.,  the  value  of  a  survey  and  sounding 

expedition  being  made  on  a  large  scale  as  an  introductory  to 

laying  a  cable — if  he  had  referred,  on  jirinciple,  to  the  argaments 

on  both  sides,  and,  in  some  degree,  balanced  the  one  against  the 

«ther,  jiarticulai'ly  as   what   arguments   there   are   against   him 

suggest,  perhaps,  a  somewhat  shurl-sighted  policy.     Moreover,  I 

think  we  must  give  pioneers  credit  for  having  thoroughly  con- 

^Kdered  the  matter  under  the  then  existing  circumstances. 

^H      Such  surveys  are,  of  course,  not  only  useful  in  seeking  for  a 

^B^ular  bottom,  but  also  fur  ascertaining  its  nature,  which  should, 

^^bten,  largely  govern  the  form  of  cable  to  be  adopted.     In  fact,  if 

soundings  are  to  be  taken  at  all,  they  should,  I  believe,  be  taken 

before  commencing  proceedings  (by  the  telegraph  company,   or 

by  their  engineers,  rather  than  by  the  contractors),  in  order  to 

permit   the   fullest   advantages   being  made   of  the   discoveries 

brought  to  light — in  time,  possibly,  to  effect  a  complete  alteration 

^^n  the  plans,  if  found  necessary.     Unfortunately,  however,  those 

^Bequiring  cables,  not  being  sufficiently  well  versed  in  the  subject 

in  all  its  aspects,  seldom  allow  enough  time  for  this  to  be  done  ; 

indeed,  it  is  often  owing  to  their  want  of  knowledge  that  they  do 

not  sometimes  procure  a  more  sure  return  for  their  money,  in 

spite  of  the  remonstrances  of  engineers  and  contractors,  to  whom 

it  must  be  estreraely  unsatisfactory  to  be  compelled  to  hurry 

iver  such  very  important  work. 

With  reference  to  the  author's  remarks  anent  the  action  which 
take^  place  between  the  iron  sheathing  wires  and  the  component 
parts  of  various  deep-sea  deposits,  I  am  under  the  impression  that 
an  analytical  chemist — provided  that  he  is  able  to  examine  the 
ppecimens  immediately  on  recovery  aboard  ship — is  in  a  position 
to  determine,  with  tolerable  accuracy,  all  that  has  taken  place 
chemically,  or  to  judge  whether  the  bottom  in  question  is, 
or  ia  not,  a  destructive  one  in  its  character  to  the  armour  of 
an  iron-shea  I  bed  cable;  but  it  is  absolutely  essential  (as  the 
thor  says)  that  such  specimens  be  exammed  befeTe  tV^ft^  W*'* 
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[r.  Brighi.  been    exposed  for   any  length  of   time,  after    whitli   they   will 

I  entirely  alter  in  character  and  thus  give  an  altogether  inaccu- 
rate idea  of  their  nature  and  effects.  An  intimate  acquaintance 
with  the  nature  of  the  bottom  is  certainly  quite  as  important 
as  a  knowledge  of  its  eonfiguration,  Ijut  is,  perhaps,  more 
ditScult  to  obtain,  owing  to  its  more  sudden  variation,  aa  by 
the  small  jiatches  preferred  to  in  the  paper)  in  the  midst  of 
otherwise  excellent  bed  (chemically)  for  a  cable. 
I  have  ventured  to  offer  these  remarks  merely  in  the  hope 
their  possibly  proving  of  utility  as  a  humble  addition,  from  a 
business  point  of  view,  to  ilr.  Stallibrass's  extremely  able  and 
interesting  pai>er. 
i»iubt»«  ^^^'  ^*  STALLiBRiSS,  in  reply,  said :  I  should  indeed  be  sorry  if 
in  anjlhing  I  have  said  in  my  jtaper  I  should  have  given  Captain 
>Vharton  the  idea  for  one  moment  that  I  intended  to  reflect  in 
any  way  upon  officers  of  the  British  Navy,  and  especially  on  those 
connected  with  his  Department.  Anyone  who  has  had  to  do  with 
telegraph  cables  knows  that  we  have  always  had  the  heai'tiest 
Jiupiiort  from  the  Navy.  It  is  rather  with  the  inactivity  of  the 
British  Government  in  the  direction  of  submarine  research  that 
I  find  fault.  It  should  he  remembered  that  the  work  of  the 
Hydrographic  OflSce  of  the  Admiralty  is  to  deal  more  especially 
with  shallow  rather  than  with  deep  soundings,  and  until  recent 
years  there  has  been  so  much  of  this  to  do  that  it  was  doubtless 
impossible  for  the  Department  to  extend  ojwrations  into  deep 
water. 

I  have  to  thank  Mr.  Buchanan  for  the  kind  way  in  which  he 
spoke  of  my  paper,  and  I  note  what  be  says  about  fingering  the 
wire  when  sounding :  I  have  no  doubt  it  is  an  important  thing  to 
avoid  this  aa  much  as  possible. 

With  regard  to  the  cost  of  sounding,  mentioned  by  Mr.  Bright, 
time  will  not  permit  of  my  going  fully  into  the  matter,  and  I  will 
merely  remark  that  I  think  this  is  generally  very  ranch  over- 
estimated. A  ship  could  leave  England,  thoroughly  survey  the 
route  for  an  Atlantic  cable,  and  be  back  in  about  70  daya.  The 
cost  of  this  need  not  he  more  than  t'3,000 ;  and  by  the  side  of 
£700,000  or  i'800,000,  which,  ia  eoraewhere  about  the  cost  of 
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Atlantic  cnble,  thia  is  nothing  tremendous,     It  would  be  more  ^Aj^^ 
than  hiilaaced  by  the  loss  of  15  miles  of  cable  during  the  laying 
or  in  subsequent  repairs. 

I  have  to  thank  you  for  the  very  kind  way  you  responded  to 
the  vote  of  thanks  proposed  by  the  President. 

The  pRESrDENT  :  Mr.  Stallibrasa'a  paper  has  afforded  us  a  great  pj'gu  " 
deal  of  informal  ion.  It  may  seem  a  very  easy  thing  to  take  a 
mounding  in  blue  water,  and  if  a  leaden  weight  or  a  cannon  ball  is 
thrown  overboard  it  would  soon  reach  the  bottom;  but  if  a  line 
is  attached  to  it  the  friction  of  the  water  altera  the  conditions  of 
recovering  the  weight,  so  that,  as  reported  by  Optain  Dayman,  of 
the  "  Cycloi>s,"  "  the  tar  was  forced  out  of  the  rope  in  an  extra- 
"  ordinary  manner,  several  of  the  sphcea  started,  and  the  rope  was 
"  much  stretched."  In  the  earlier  soundings,  unless  the  weight 
employed  was  very  heavy  compared  with  the  dimensions  of  the 
line,  the  friction  of  the  water  caused  the  sinking  of  the  weight  to 
be  very  slow,  while  the  line  was  exposed  to  the  action  of  currents, 
making  a  series  of  curves  and  sometimes  not  reading  the  bottom 
at  all,  as  in  the  instance  referred  to  of  50,000  feet  being  run  out 
without  proof  of  bottom. 

I  now  ask  the  meeting  to  give  a  hearty  vote  of  thanka  to  Mr. 
Stallibrass  for  his  paper. 

The  motion  was  unanimously  carried. 


The  meeting  adjourned  until  November  24th, 
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The  One  Hundred  and  Seventieth  Ordinaij  General  Meeting  of 
the  Society  was  held  at  the  Institution  of  Civil  Engineera, 
25,  Great  George  Street,  Westminster,  on  Thursday  evening, 
24th  November,  1887— Sir  Charles  T.  Bright,  M.I.C.E., 
President,  in  the  Chair. 

The  minuteB  of  the  previous  meeting  were  read  and  approved. 

The  name  of  one  new  candidate  for  election  was  announced 
and  ordered  to  be  suspended. 

Donations  to  the  Ijbrary  were  announced  as  having  been 
received  since  the  last  meeling  from  the  Astronomer- Royal ; 
Messrs.  Charles  Giiffin  &Co. ;  and  Professor  Silvanus  P. Tliompson, 
Member;  to  whom  the  thanks  of  the  meeting  were  duly  accorded. 


The  following  paper  was  then  read : — 


)N  SOME  INSTEUMENTS 
OF  ELECTRO-MOTIVE 
POWER. 


FOR    THE    MEASUREMEN* 
FORCE    AND     ELECTRICAL 


I 


By  J.  A.  Fleming,  M.A.,  D.Sc.  (Member),  and  C.  H.  Gimlvgham. 

These  instrument?  do  not  present  any  novelty  of  principle. 
They  differ  from  that  form  of  instrument  generally  called  an 
electro-dynamometer  in  the  arrangement  of  details,  but  they 
depend  for  their  operation  upon  the  elect ro-dj'namic  action  of 
currents  in  fixed  and  movable  conductors.  Our  object  has  been 
to  furnish  an  electro-dynamometer  which  shall  be  portable, 
compact,  and  require  in  its  use  no  mercury  cups,  tables  of  square 
roots,  nor  multiplying  factor,  nor  any  reference  other  than  to  the 
scale  of  the  instrument,  in  order  that  electro-motive  force  and 
power  may  be  determined  by  it  at  once.  Our  experience  in 
the  use  and  testing  of  voltmeters  of  nearly  every  kind  has 
been  such  as  to  lead  us  to  look  doubtfully  at  any  instrument 
which  either  contains  soft  iron,  permanent  or  electro-magnets, 
or  in  any  way  depends  for  its  action  on  the  behaviour  of  iron  when 
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placed  in  varying  or  Duccesaively  varied  magnetic  fields.  No 
matter  how  treated,  a  piece  of  soft  iron  has  a  "  magnetic  memory." 
Unless  rapid  magnetic  reversals,  aided  by  rise  of  temperature,  are 
ought  to  bear  upon  it,  it  is  very  difficult  to  eliminate  from  it  the 
results  of  its  previous  magnetic  history  and  to  bring  it  back  into 
the  condition  in  which  its  magnetisation  is  the  result,  purely  and 
simply,  of  the  present  magnetic  force  brought  to  bear  on  it. 

We  start,  therefore,  with  the  principle  now  adopted  by  Sir  W. 
Thomson,   that   in    thoroughly   satisfactory   electric-measuring 
itmments   the  magnetisation  of  iron  must  not  he  permitted  to 
ilay  any  part  in  the  design.     In  these  instruments  we  submit  to 
.he  criticism  of  the  Society,  the  action  ia  wholly  based  on  the  fact 
ihat,  when  conductors  conveying  electric  currents  are  arranged  so 
.hat  one  of  them  is  fixed  and  the  other  free  to  move,  the  force 
cfuired  to  hold  the  movable  conductor  in  any  given  position  in 
the  field  of  the  fixed  conductor  is  proportional  to  the  product  of 
the  strengths  of  the  current  flowing  in  these  conductors  respec- 
tively.    The  general  arrangement  of  the  high-resistance  dynamo- 
eter  or  voltmeter  is  shown  in  Figures  1  and  2,  which  show  cross 
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sections  of  the  voltmeter.  Figure  3  shows  a  plan  of  the  same. 
The  general  design  of  the  instrument  is  as  follows :— A  A'  B  B' 
(Fig.   4;   are   two  solenoids  of  insulated  wire  (German  silver) 
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wound  on  brass  tubes.     Tlie  solenoids  are  wounfl  so  as  to  ha 
magnetic  pole  in  the  centre  of  eacb,  marked  N  N,     The  ends  ol 
the  solenoids  are  therefore  similar  poles  (S).     Two  such  solenoid! 
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are  held  in  a  frame  ( D  D',  Fig.  3),  and  fixed  so  as  to  be  parallel  U 
each  other.  The  general  arrangement,  free  from  detail,  being 
shown  in  the  sketches  (Figs.  3  and  4). 


Fio.  S. 
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These  fixed  coils  are  embraced  by  two  annular  coils  (C  C),  which 
are  wound  on  exceedingly  ligbt  metal  frames  and  are  carried  on 
le  ends  of  an  ivory  bar  (G  G',  Fig.  1),     The  resistance  of  the 


i 
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fixed  coils  may  be  about  1,000  to  1,500  ohms,  and  the  resistance  of 

e  annular  coils  about  500  to  1,000  ohms.    This  ivory  bar  carries 

its  centre  a   glass-hard  steel  cup,  by 

which  it  issnpported,  so  as  to  move  freely, 

like  a  conii>as3  needle,  on  a  steel  iridium- 

tipped   needle  (P).      The  coils  are  very 

accurately  balanced,  and,  whilst  embracing 
^^be  fixed  coils,  have  yet  clearance  enough 
^Ho  permit  them  to  swing  through  a  small 

angle  on   either    side.      Their   range   of 

Eovement  is,  however,  limited  by  two 
ops  {0  0',  Figs.  2  and  5). 
To  the  ivory  cross-bar  carrying  these 
ovable  coils  is  attached  a  steel  spiral 
chronometer  spring,  the  upper  end  of 
which  is  held  in  a  tubular  collor  (H,  Fig.  1 ),  capable  of  revolving 
stiffly  in  an  aperture  in  the  dial  jjlate.  This  collar  carries  on 
the  outside  of  it  a  mica-tijiped  index  linger,  which  is  shown 
separately  in  Fig.  6.  The  index  finger  is  capable  of  being  set 
round  on  the  tubular  collar  H,  and  clamped  in  any  position. 
The  inside  of  this  tubular  collar  lias  an  attachment 
VOL.  xvr,  37 
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which  the  upper  end  of  the  steel  spring  can  be  taken  up  more  or 
less,  just  as  the  hair-apring  of  a  watch  is  set. 

The  electrical  connections  of  the 
voltmeter  are  shown  in  Fig.  4.  It 
will  be  seen  that  the  current  enters 
from  one  terminal  (T),  passes  thence 
to  the  top  of  the  spring,  then  down 

the   spring   into   the   movable    coils 

0  C,  from  there  to  the  steel  cup  E, 
through  the  contact-point  to  the 
iridium-tipped  steel  pivot,  from  that 
through  the  fixed  coils  and  so  back 
to  the  other  terminal  (T).  The 
windings  of  the  movable  coil  are  so  arranged  that  it  is  astatic, 
and  not  influenced  by  a  vertical  or  horizontal  uniform  field. 
This  is  important  in  an  instrument  to  be  used  in  the  neighbour- 
hood of  power fril  magnets, 

The  movable  coils  carry  a  light  aluminium  needle  (Q),  which 
projects  up  through  a  sUt  in  the  dial  plate,  opposite  to  the  zero 
of  the  scale. 

The  whole  instrument  is  contained  iu  a  small  wooden  boi, 
about  4|  inches  square  by  3  inches  deep.     On  opening  the  box  a 
dial  plate  is  seen  having  a  circular  scale  divided  so  that  the  volt 
readings  are  obtained  without  any  calculations.     The  operation 
of  taking  a  reading  is  as  follows : — The  box  is  first  levelled  on  the 
table  by  means  of  a  wooden  wedge  provided  for  the  purpose. 
The  central  hollow  boss  is  first  turned  until  the  mica  indei  finger 
M  (see  Fig.  7)  is  at  the  zero  of  the  scale.      The  aluminium  indei 
carried  by  the  movable  coils  (Fig.  8),  which  projects  up  through  a 
slit  in  the  dial,  should  also  be  opposite  the  zero.     If  this  is  nol 
the  case  the  mica  index  finger  has  to  be  shifted.     This  is  accom- 
plished by  slacking  up  the  milled  head  on  the  top  of  the  centra! 
boss  and  re-adjusting  the  index  until  the  mica  index  finger  and 
the  aluminium  index  of  the  movable  coils  both  stand  opposite  to 
each   other  at  the  zero.     The  current  is   now  passed,  and  tLe 
electro-magnetic  action  causes  the  movable  annular  coils  to  be 
sbifted  along  the   fixed   coils,  displacing  the   aluminium  tndes. 
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The  central  boss,  carrying  the  upper  end  of  the  spring,  is  then 
tamed  imtil  a  torsional  force  is  brought  to  bear  on  the  movable 
coils,  bringing  them  back  against  the  electro-magnetic  forces  into 
Jhe  zero  position.     It  will  now  be  found  that  the  upper  end  of 


Fio.  T. 

the  apriug  will  have  been  twisted  through  a  certain  angle,  as 
indicated  by  the  position  of  the  mica  index  finger.  The  value  of 
the  current  passing  through  the  instrument  is  proportional  to 
the  square  root  of  this  twist  required  to  bring  back  the  coils  into 
their  zero  position,  and,  as  the  force  brought  \.(j  V>ea,\  mv  "Cms 
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coils  is  proportional  to  tbe  angular  displacement  of  the  opper  end 
of  the  spring,  it  follows  that  the  sqaar«  root  of  the  angokr 
displacement  of  the  mica  index  finger  required  to  maintain  tlu 


J±i. 
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movable  coils  at  their  zero  position  is  proportional  to  the  etrengtii 
of  thecurrent  flowing  through  the  instrument.  To  avoid  any  calin- 
Jations  or  reference  to  sfjuare-root  tables,  the  dial  is  graduatej  in 
the  following  manner: — If  the  instrument  is  intended  to  reati, 
Bfty,  from  20  to  110  volts,  then  one  complete  turn,  or  360"  dis- 
placement of  the  index,  is  required  to  balance  the  electro- 
magnetic force  due  to  110  volts  on  the  terminals  of  tb* 
instrument.      The   angular   displacement  for  x  volta   is,  thea. 

3Q0  X  a?        18         ,  ,  .     _,  ,  ..     ,     . 

( i~\07~  ~  60'^  ^     '  *°^*^"''^''  •"  degrees,  and  accordingly  thf 

positions  for  all  volt  values  from  20  to 
1 10  can  be  set  oflF  directly  on  the  dial 
(Fig.  Q).  The  index  needle  is  then 
eimply  turned  until  the  nluminium 
index  is  brought  back  to  zero,  and  the 
dial  reading  gives  at  once  the  volts. 
This  form  of  graduation  has  the  ad- 
vantage that  the  scale  interval  corre- 
sponding to  one  volt  is  greatest  in  that 
part  of  the  scale  which  will  be  in  each 
instrument  presumably  most  used. 

In  order  to  render  the  instrument  portable,  means  are  pro- 
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ed  to  raitic  the  movable  coils  off  the  point  P  by  tlie  action  of 
closing  the  box.  A  clutch-bar  (K)  is  so  arranged  and  pivoted, 
that  by  means  of  a  pin  (R)  Eliding  in  a  hole  in  the  bos  a  pressure 
on  the  upper  end  of  this  pin  (H,  see  Fig.  1)  raises  the  coils  (CC) 
and  relieves  the  iridium  point  of  the  pressure  of  the  movable 
coil-bar. 

It  is  not  desirable  that  the  movable  coils  should  be  taken  up 
and  let  down  suddenly  on  the  pivot,  and  to  make  this  action 
tieliberate  the  box  lid  is  opened  and  closed  by  a  screw.  The  user 
i^  thereby  compelled  to  open  the  bos  slowly  and  let  down  the 
coils  with  a  gentle  motion  on  to  the  pivot  P. 

The  voltmeters  are  constructed  to  work  over  various  ranges. 
One  type  ranges  from  20  to  1 10  volts.  By  associating  a  resistance 
coil  with  the  voltmeter,  the  resistance  of  which  is  equal  to  that  of 
the  voltmeter,  the  volt  values  of  all  the  readings  become  doubled 
d  the  instrument  becomes  available  for  nae  between  40  and  220 
ilts.  In  order  to  give  a  little  margin  over  and  above  the  110 
and  220  volts,  the  graduation  is  continued,  according  to  the 
square-root  law,  along  an  outer  circle.  A  little  more  than  one 
complete  twist  of  the  spring  enables  a  reading  to  be  taken  up  to 
115  or  120  volts  on  the  11 0-volt  instrument,  or  to  230  or  240  on  the 
220-volt  instrument.  la  the  110-volt  instrument  (construction 
A),  the  following  are  the  electrical  and  mechanical  data  of  the 
instrument:— The  weight  of  the  movable  coils  complete  is  in  all 
20'27  grammes.  The  number  of  turns  of  wire  is  960,  on  both 
coils  together,  and  the  total  resistance  is  300  ohms.  The  four 
fised  coils  have  each  840  turns  of  wire,  or  3,360  turns  in  all,  and  a 
resistance  of  1,200  ohms.  The  total  resistance  of  the  voltmeter 
is  therefore  1,500  ohms.  The  temperature-resistance  variation 
coefficient  has  been  carefully  determined  for  a  mean  temperature 
between  15°  and  30°  C.  for  the  jtarticular  kind  of  German  silver 
wire  used,  and  it  is  -0273  per  cent,  per  degree.  Accordingly, 
as  far  as  regards  change  of  temperature  as  a  whole,  it  requires 
an  alteration  of  30"  C.  to  make  a  change  of  1  per  cent,  in  the 
value  of  the  voltmeter  readings.  To  prevent,  as  Ear  as  possible, 
beating  of  the  coils,  each  voltmeter  is  provided  with  a  key.  In 
using  the  instrument  the  first  operation  after  opening  should  be 
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to   level   it   carefully,   by   inserting,   if  Decesgary,   the  wooden 

wedge  provided  under  the  front  or  back  side  until  the  pointer 
on  the  movable  coils  swings  freely  from  side  to  side. 

We  have  also  constructed,  on  this  type,  a  Wattmeter.  In  this 
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case  the  fixed  coils  (nuw  called  the  current  coils)  are  wound  witli 
thick  wire,  and  so  arranged  that  the  four  coils  can  be  joined  Uf 
in  aeries  or  in  parallel.  From  a  separate  pair  of  terminals  the 
current  is  conducted  into  the  thin  wire  coils,  which  are  the  mov- 
able  coils,  and  constnicled'^extictly  as  for  the  voltmeter,  only  witb 


I 
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a  higher  reeititatice  (eee  Kige.  10  and  11).   In  using  this  Wattmeter 
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for  measuring  the  power  taken  up,  say,  in  an  incandescence  lamp, 
the  following  method  of  joining  up  ahould  be  adopted:— 


THICK       Wml      COIL 


wnmnm 


Let  Ml  M,  be  the  mains,  and  let  L  be  the  lamp.  The  lamp 
should,  as  usual,  be  put  in  series  with  the  thick  wire  coils  T.  The 
tine  wire  coils  F  should  have  their  terminals  joined,  not  to  the  two 
terminals  of  the  lamp,  but  to  the  terminals  of  the  lamp  and  the 
ihiok  wire  coil  as  joined  in  series.  The  thin  wire  coil  thus 
measures  the  potential  at  the  extremities,  not  of  the  lamp,  but  of 
the  lamp  and  thick  wire  coil  in  series.  The  reason  for  this  ia  aa 
follows: — Suppose  the  thick  wire  coil  to  have  a  reeietance  of  'OV 
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oliin  and  the  tliin  wire  coil  to  have  a  reaistance  of  1,000  ohms, 
and  apply  this  Wattmeter  to  meaaure  the  power  consumed  in  two 
lamps,  each  of  8-candle  power  aud  requiring,  say,  20  watts — but 
in  one  case  let  the  lamp  be  a  100-volt  lamp  taking  '2  ampere,  and 
in  the  other  a  10-volt  lamp  takiug  2  amp^rea.  If  the  fine 
wire  coil  is  joined  in  parallel  with  the  lamp  alone,  in  the  case 
of  the  high  volt  lamp,  since  the  resistance  is  500  ohms  hot,  the 
lamp  will  take  two-thirds  of  the  whole  current  flowing  through 
the  thick  coil — in  other  words,  the  current  which  flows  through 
the  thick  coil  is  not  that  flowing  through  the  lamp,  but  that 
through  the  combined  resistance  of  lamp  and  fine  wire  coil.  If, 
however,  the  same  wattmeter  is  applied  to  measure  the  power  of 
the  low  volt  lamp,  then,  since  the  hot  resistance  of  this  is  only  5 
ohms,  the  lamp  will  get  youths  of  the  current  flowing  through 
the  thick  coil.  It  follows  from  this  that  whereas  the  two  lamps 
consume  exactly  the  same  jwwpr,  yet,  in  the  first  case,  the 
curreni  in  the  thick  coils,  which  is  that  which  actuates  and  is  one 
of  the  factors  in  determining  the  reading  of  the  wattmeter,  is  half 
AS  great  again  as  it  should  be.  It  would  be  found  that  in  the  case 
of  the  high  volt  lamp  the  wattmeter  reading  would  be  30  watts, 
and  in  the  case  of  the  low  volt  lamp  20  watts,  although  both 
lamps  actually  take  the  same  power.  If,  however,  the  extremities 
of  the  voltmeter,  or  movable  or  fine  wire  coils,  are  joined,  as  ehown 
in  the  figure  12,  then  the  current  in  the  thick  coil  is  exactly 
that  through  the  laiiiji,  the  error  in  the  elect ro~raotive  force  port 
of  the  measurement  is  then  only  dependent  on  the  fact  that  the 
thick  wire  coil  has  an  appreciable  resistance;  if  this  is  only  "01 
ohm, the  error  made  in  the  electro-motive  force  part  of  the  measure- 
ment is  only  •!  per  cent.,  even  in  the  case  of  the  low  volt  lamp,  by 
assuming  the  potential  at  the  extremities  of  the  lamp  aud  thick 
coil  in  series  as  equal  to  that  at  the  terminals  of  the  lamp. 

Unless  the  resistance  of  the  current  coils  is  vanishingly  small 
comj^ared  with  that  of  the  high  resistance  or  movable  coils,  the 
above  method  of  joining  up  the  wattmeter  does  not  give  the  real 
riite  of  diasijiation  of  energy  in  the  lamp  or  other  circuit  under 
consideration. 

Let  us  examine  the  theory  of  the  instrument  a  little  more 
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ilosely.  Let  R  (Figa.  13  and  14)  represent  the  resiatance  of  the 
thick  wire  or  current  coils,  and  let  7"  represent  the  resistance  of 
the  fine  wire  or  volt  coils,  and  let  p  stand  for  the  resistance  of  the 
lamp  or  other  circuit  in  which  the  dissipation  of  energy  is  being 
measured.     Given  the  ends  of  these  thick  and  thin  wire  coils,  we 

riy  then  join  them  up  to  the  lamp  in  either  of  two  ways,  as 
own  in  Figs.  13  and  14. 
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What  we  actually  do  in  the  nae  of  a  thick  and  thin  wire 
ectro-dynamometer,  employed  as  a  wattmeter,  is  to  meAsarethe 
product  of  the  strengths  of  the  currents  in  the  thick  and  thin 
wire  coils  respectively,  by  measuring  the  electro-dynamic 
attraction  between  these  circuits  when  held  in  certain  lixed 
positions.  If,  however,  the  circuits  are  joined  up  to  a  lamp  as  in 
Fig.  13,  although  the  current  in  R  is  equal  to  the  current  through 
ihe  lamp,  yet  the  current  through  ]■  is  not  proportional  to  the 
difiference  of  potentials  on  either  side  of  the  lamp,  but  greater 
by  an  amount  which  depends  on  the  ratio  of  p  to  R.  If  W 
represents  the  true  watts  taken  up  in  the  lamp  under  measure- 
ment, and  W|  represents  the  observed  watts  by  the  dynamometer, 
on  the  assumption  that  it  has  been  calibrated  for  one  particular 
lamp  of  very  high  resistance  compared  with  R,  then 


w,  =  w  e-±if 


0-) 


for  W|  is  made  up  of  two  factors — ^one  a  number  proportional  to 
the  current  in  K,  which  is  the  current  through  the  lamp,  and 
another  factor  which  is  proportional  to  the  difference  of  potentials 
over  all  between  the  outside  terminals  of  lamp  and  reaialance  R. 

This  last  is  greater  than  the  potential  difference  on  either 
side  of  the  lamp,  in  the  ratio  of  It  +  p  to  p. 
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Next,  let  tlie  Hue  wire  coils  be  joiaed  to  tlie  terminals  of  the 
iamp  aa  id  Fig.  1-1.  The  current  in  r  is  now  proportional  to  the 
potential  difference  oa  either  side  of  the  lamp.  The  current  in 
the  thick  wire  ooils  is  not,  however,  identical  with  that  through 
the  lamp,  but  equal  to  that  through  the  lamp  and  tine  wire  coiU 
together.  If  c  stand  for  the  current  through  the  lamp,  and  C  r( 
the  current  in  the  thick  wire  coil  K,  then 


1 


c  = 


r  +  p 


I 


and  accordingly,  if,  as  above,  W  stand  for  the  true  watts  expended 
in  the  lamp,  and  W,  for  the  watts  as  observed  on  the^djnamo 
meter,  we  have  the  relation 

w.  =  w!^  

From  equations  (i.)  and  (ii.)  we  have 

W.r  =  Wr +  Wp; 


(i 


hence, 


W?  =  (W,- W)(W,  -  W); 


o^     W.  -  {^^)  (W.  -H  WO  W  +  (^^-)  W.  W,  =  0.^ 

The  solution  of  this  quadratic  equation  gives  W. 

It  is  not  difficult  to  show  that  this  quadratic  equation  always 
has  one  real  positive  root,  since  r  is  greater  than  R,  and 
W'l  and  W,  are  positive  quantities.  We  arrive,  therefore,  at  this 
result : — If  any  given  wattmeter  of  this  type  has  been  calibrated 
on  a  lamp  or  other  circuit  of  which  the  resistance  is  very  great 
compared  with  the  thick  wire  or  current  coils,  supposing  the 
connections  made  as  in  Fig.  13,  then  the  observed  readings  of 
the  wattmeter,  when  used  with  any  other  lamp  or  circuit,  will 
not  give  the  true  watts  expended  in  that  circuit,  but  give  a  valil^H 
whieh  is  rather  too  high,  and  of  which  the  error  will  depend  on 
the  value  of  the  three  resistances,  R,  r,  and  p.  We  can,  how- 
ever, eliminate  the  error,  and  obtain  a  number  proportional  to 
the  true  rate  of  expenditure  of  energy  in  the  circuit  p,  by  taking 
two  observations  with  the  high  resistance  coils  joined  up 
respectively  as  in  Figs.  13  and  14.  If  these  readings  are  called 
yp,  and   W„  the  insertion  of  these  in  the   quadratic   equation 
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|P«bove  will  enable  us  to  find  a  value  (W)  vtucb  is  proportiooal  to 
the  real  watte,  aud  that  without  knowing  the  resistance  of  the 

^^mp  beiog  tested. 

^V.  In  the  construction  of  a  wattmeter  of  this  type  it  is 
evidently  important  that  the  current  coils  should  have  as  low 
a  resistance  as  It  is  possible  to  secure  in  companson  with  that 
of  the  movable  or  voltmeter  part.  In  our  wattmeter  the  fine 
wire  coils  are  of  German  silver  wire,  and  have  a  resistance  of 
1,000  to  1,200  ohms.  The  thick  wire  or  current  coils  are  of  the 
highest  conductivity  copper ;  und  in  the  iustrumeat  designed  as 
a  lamp  wattmeter,  to  read  direct  from  1  to  400  watts,  have  a 
resistance  of  about  'I  or  *2  ohm.  It  is  intended  to  issue  watt- 
metcm  of  three  grades — one  reading  from  1  to  400,  the  next 
from  10  to  4,000,  and  the  highest  from  100  to  40,000,  and 
suitable  for  electro-motive  forces  of  50  to  250  volts, 

^ft      In  the  wattmeter  above  described  the  scale  is,  of  course,  a 

^Bcale  of  equal  divisions.  In  the  form  of  instrument  adapted  for 
lamp  measurements,  the  circular  scale  is  divided  into  400  divisions, 
and  each  division  represents  1  watt.     By  means  of  a  wattmeter 

I  tad  voltmeter  of  the  above  description,  all  the  four  electrio 
elements  of  a  lamp  can  be  measured  at  once.  Let  the  wattmeter 
be  joined  up  as  indicated  in  the  above  diagram  (Fig.  13),  and  let, 
in  addition,  the  terminals  of  the  voltmeter  be  connected  to  the 
Hjpointa  A  and  B,  the  voltmeter  then  reads  the  potential  difference 
H«f  A  and  B,  and  the  wattmeter  reads  the  consumption  of  ijower 
Hbetween  A  and  B,  If  W  be  the  reading  of  the  wattmeter  and 
^M  that  of  the  voltmeter,  the  quotient  of  W  by  V  gives  the 
current  through  the  lamp,  and  the  quotient  of  the  square  of  V 

I  by  W  gives  the  hot  resistance  of  (he  lamp.     We  have  designed 
an  instrument  which  shall  be  a  combination  of  watt-  and  volt- 
meter, and  enable  the  two  measurements  of  potential  difference 
■t  extremities  of  a  circuit  and  power  consumed  in  that  circuit 
to  he  simultaneously  measured,  and  therefore  to  give  at  onco 
ihe  current  in  the  cu-cuit  and  the  hot  resistance.     In  this  instru- 
lent  the  fixed  coils  would  be  wound  compound,  with  two  coils  on 
■h,  one  thick  overlaid  by  a  thin  wire  winding. 
The  connections  of  the  fine  wire  win<ling3  on  the  fixed  coils 
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are  so  arranged    in  conjunution  with  a  switcli,  that   when  thai 
switch  is   turned  one  way  the  solenoids  have,  as  ordinarily  arJ 
ranged,  a  N.  pole  at  the  centre  of  each,  but  when  the  switch  in 
turned  the  other  way  this  pole  is  abolished.     Hence,  if  a  currend 
flows  through  t-hese  tine  wire  windings  in  series  with  the  movabla 
coils,  then,  according  as  the  switch  is  set  one  way  or  the  other, 
the  current  will  operate  the  instrument  or  not,  and  that  withoutJ 
changing  its  resistance  or  affecting  the  current  in  the  movable 
coils.     Let   then  the  thick  wire   coils  be  traversed  by  a  maiaj 
current,  and  the  thin  wire  uoils  by  a  current  derived  by  connect-J 
ing  their  extremities  to  the  ends  of  the  conductor  tmversed  bn 
the  current  through  the  thick  wire  coils.     The  elect ro-niagnetiia 
force  operating  to  displace  the  movable  part  of  the  instruioenta 
will  be  the  resultant  of  two  forces — one  due  to  the  product  oH 
the  strength  of  the  current  in  the  thick  coil  and  the  current  inl 
the   movable    coil.      This   product  is  proportional    to  the  powerl 
consumed  in   the  conductor.     Secondly,  in  addition,  there  is  n 
force  due  to  the  action  of  the  current  in  the  fixed  fine  wire  coibJ 
on  the  current  in  the  movable  coils  in  series  with  them.     This 
force  is  proportional  to  the  square  of  the  current  strength  or  toj 
the  square  of  the  volts  at  the  ends  of  the  conductor.     Hence,  iu 
the  switch  is  turned  so  that  both  thick  and  thin  wire  fixed  coilH 
are  operative,  the  electro-magnetic  force  on  the  movable  coils  in 
proportional  to  the  watts  added  to  the  square  of  the  terminal" 
volts.     If  W  be  the  power  consumed  in  the  conductor,  and  Y  the 
[xitential  difl'erenee  at  its  extremities,  then  thla  reading  of  the] 
instrument  will  be  pro]iortioual  to  A  AV  +  B  V^,  when  A  and  B 
are  instrumental  constants,     Next,  let  the  switch  be  turned  so  aa, 
to  render  the  fine  wire   coils   elect ro-magnetically   inoperative^ 
although  not  altering  the  resistance  of  the  total  fine  wire  circuitJ 
In  this  case  the  reading    is  simply    proportional   to  the  powert 
consumed  in  the  conductor,  or  to  A  W.     We  have  therefore,  byj 
two  readings,  the  power  consumed  and  the  terminal  volts  of  tli« 
conductor  or  circuit,  and  hence,  by  simple  division,  the   current 
and  hot  resistance.  ■ 

In  this  method  of  measuring  a  current,  the  movable  part  od 
the  instrument  is  not  traversed  by  any  but  a  very  small  currentj 
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and  hence  the  difficulty  generally  experienced  in  getting  a  large 
current  in  and  out  of  a.  freely-moving  circuit  has  not  to  be  com- 
bated. In  considering  these  instruments  as  permanent  standards, 
the  iiuestion  obviously  arises  as  to  the  j)ermanence  and  perfect 
elasticity  of  the  steel  spring.  The  steel  chronometer  spring  is 
made  of  the  very  best  and  most  carefully-tempered  steel.  The 
use  in  chronometers  justifies  the  statement  that,  when  not  strained 
beyond  the  limits  of  elasticity  and  when  not  kept  in  strain  for  a 
longer  time  than  necessary  to  take  a  reading,  the  elasticity  is 
perfect.  There  is  only  one  caution  which  sliould  be  taken  in 
using  these  instruments.  After  taking  a  reading,  the  central 
index-hand  should  he  turned  back  to  zero  before  putting  the 
instrument  away.  If  the  voltmeter  is  closed  up  and  put  on  one 
side,  with  a  permanent  twist  ujion  the  spring,  then  a  f^light  defor- 
mation of  the  spring  may  result,  which  will  in  time  disappear,  but 
not  immediately.  The  elastic  modulus  which  is  brought  into 
play  in  this  use  of  a  spiral  spring  is  somewhat  similar  to  that 
which  is  operative  when  a  beam  is  bent.  The  spiral  is  not  drawn 
out,  but  is  twisied  round  and  bent  slightly  into  a  smaller  radius. 
Under  prolonged  strain  a  very  slight  deformation  occurs,  which 
disappears  gradually  on  the  removal  nf  the  stress,  and  this  defor- 
mation is  a  function  both  of  the  stress  or  strain  and  the  time 
under  which  the  elastic  body  is  submitted  to  that  stress. 
\  On  this  point  we  may  quote  the  experience  of  Professor 
W.  Kohlrausch,  who,  in  a  paper  in  the  EUctrotechnische  Zeit- 
schrift  (see  Electrician,  March  25,  1887),  gives  the  result  of 
prolonged  experiments  on  the  employment  of  spiral  springs  in 

easuring  instruments.  The  effect  of  age,  judging  by  obsenii- 
lions  on  a  brass  spring  extending  over  a  period  of  seven  year^, 
may  be  completely  neglected.  Continuous  and  prolonged 
leformation  produces  a  small  amount  of  permanent  set,  so 
that  the  spring,  when  released,  does  not  return  to  its  original 
[Kjaition,  but  this  does  not  actually  alter  the  indications  of  the 
instrument  if  the  readings  are  taken   from  the  new  zero  thus 

rmed.  Steel  is  in  this  cjise  less  affected  than  German  silver. 
Oft-repeated  but  intermittent  deformation,  as  exbibitcl  by  a 
ipring  of  90  convolutions  and  2^  inches  long  being  stretched. 
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so  as  to  change  from  a  length  of  3  inches  (o  9  inches  200  times 
per  minute  for  400  minutes,  introduced  no  sensible  alteration 
into  its  subsequent  indications. 

An  increase  of  temperature  of  18"  Fahr.  raised  the  indications 
oFa  Siemens  torsion  gatvarometer  about  one-tenth  per  cent.,  so 
that  the  reduction  in  elasticity  of  the  spring  is  apparently  almost 
equal  to  the  decrease  in  moment  in  the  magnet.  Farther 
experiments  on  loaded  springs  confirmed  this  conclusion,  and 
showed  that  steel  was  again  to  be  preferred  to  German  silver. 
We  think,  therefore,  that  there  is  suflHcient  evidence  to  lead  us 
to  believe  that  the  selection  of  a  highly-tempered  steel  chrono- 
meter spring  ag  a  means  of  weighing  the  electro-dynamic 
attraction  of  coils  traversed  by  currents  will  not  be  found  to  lead 
to  appreciable  errors. 

Instruments  with  the  suspension  we  have  here  designed  and 
used  are  not  very  well  suited  for  marine  use,  but  we  are  engaged 
in  arranging  a  mode  of  suspending  the  movable  coil  which  will 
render  the  instruments  independent  of  any  levelling  when  in 
actual  use. 


The  President  :  Now.  gentlemen,  we  have  another  paper 
down  for  this  evening,  by  Professors  Ayrton  and  Perry,  which  it 
somewhat  allied  to  the  subject  dealt  with  in  the  paper  we  have 
just  heard ;  and  the  question  arises  whether  you  would  wish  to 
take  the  discussion  upon  the  present  paper,  or  to  have  the  second 
paper  read,  to  be  followed  by  a  discussion  upon  both.  I  am 
afraid  that  taking  the  second  jMiper  before  the  discussion  upon 
the  first  may  cause  members  to  lose  sight  of  what  Dr.  Fleming 
has  stated,  but  I  will  leave  the  matter  entirely  to  the  meeting. 
Perhaps  some  one  will  make  a  proposition  in  the  matter;  or, 
as  there  seems  a  little  hesitation  to  do  so,  I  will  myself  pro- 
pose that  the  discussion  on  the  first  paper  take  place  before  the 
second  paper  is  read. 

Mr.  W.  H.  Preece  :  There  is  one  reason.  Sir,  why  I  think 
it  would  be  as  well  that  we  should  take  the  second  paper 
before  the  discussion :  that  is,  Captain  Cardew  is  here  from 
Chatham   prepared  to  eay  something   on  both  papers,  and   he 
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\rishes  to  return  by  a  train  which  he  will  miss  if  the  proposed 
coarse  is  adopted. 

The  President:  A  eood  many  members  mav  wish  to  do  so,  t" 
but  it  JH  unusual  to  take  up  two  pai)era  at  once  for  discussion. 

Professor    Adams  :    I    should   be    very   glad  to   second   Mr.  S^b'SSI" 
Preece's  proposition  if  it  requires  formally  passing.     On  previous 
occasions,  I  think,  at  meetings  of  the  Society,  we  have  found  it 
very  beneficial  to   take   papers   on    the   same   subject   together 
and  then  have  a  discussion  upon  them. 

Mr.  Preece's  motion,  having  been  put  from  the  Chair,  was 
irried. 


1^ 


The  following  paper  was  then  read: — 
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PORTABLE   VOLTMETERS    FOE    JIEASUitlNG    ALTER- 
NATING  POTENTL\L   DIFFERENCES. 

By  W.  E.  Aykton  and  Jobs  Perry. 


It  is  now  well  understood  that  a  high -resistance  electro- 
dynamometer  cannot  generally  be  used  for  measuring  alternating 
potential  differences,  in  consequence  of  the  self-induction  of  the 
dynamometer  causing  the  effective  resistance — and  therefore  the 
sensibility — of  the  dynamometer  to  vary  with  the  speed  of  alter- 
nation. Further,  even  for  the  measurement  of  direct  potential 
differences  an  ordinary  high-resistance  voltmeter,  employing  the 
magnetic  property  of  the  current,  is  not  entirely  satisfactory  if 
the  forces  employed  be  large  (as  they  generally  have  to  be  in 
dead-beat  portable  instruments),  since,  in  that  case,  the  current, 
if  kept  continuously  on,  slowly  heats  the  voltmeter,  and  by 
increasing  its  resistance  causes  its  sensibility  to  diminish.  It 
has,  therefore,  for  some  time  seemed  clear  that  the  heating  effect 
of  a  current  should  be  used  for  voltmeters. 

Captain  Cardew  was  the  first  person  to  utilise  this  principle 
iu  the  construction  of  voltmeters,  and,  as  far  as  we  are  aware,  is 
the  only  person  who,  up  to  the  present  time,  has  employed  the 
extension  of  a  wire  caused  by  the  heating  produced  by  the 
passage  of  a  current  to  measure  the  potential  difference  at  ita 
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termtnali'.  Hia  instminents  me  well  known,  and  have  afforded 
most  valuable  aid  in  the  measurement  of  alteraatiug  potential 
differences;  and  we,  in  common  with  other  electrical  engineers, 
owe  him  a  debt  of  gratitude  for  providing  us  with  the  only 
commercial  instrument  that  has  existed  for  the  measurement  of 
alternating  potenf  ial  differences. 

In  "Practical  Electricity"  an  attempt  has  been  made  to 
impartially  sum  up  the  advantages  and  disadvantages  of  all  the 
more  important  ammeters  and  voltmeters,  and  we  cannot  do 
better  than  repeat  what  was  tljere  said  al>out  the  Cardew  volt- 
meter, especially  as  we  understand  that  Captain  Cardew  consider* 
the  criticism  to  be  a  fair  one. 

"  Cardew  Voltmeter. 

"Advantages, — First,  it  has  but  a  small  heating  error; 
"  second,  the  self-induction  is  negligible.  It  ia  also  dead-beat, 
"direct-reading,  not  disturbed  by  magnets,  and  fairly  portable, 
"  although  large. 

"  Di-aadvanta^eJi. — It  absorbs  a  good  deal  of  energy  ;  second, 
"  it  cannot  be  used  for  measuring  a  small  potential  difference,  for 
"  we  cannot  make  it  of  thicker  wire,  as  we  should  do  in  the  case 
"of  an  ordinary  voltmeter  intended  to  mejisure  small  potential 
"  differences,  as  this  would  render  it  sluggish,  since  a  thick  wire 
"  traversed  by  a  current  heats  and  cools  slowly  on  starting  and 
"  stopping  the  current ;  third,  there  ia  considerable  vagueness  in 
"  the  readings  near  the  zero  point,  and  sometimes  inaccuracy  in 
"  the  upper  parts  of  the  scale."' 

Towards  the  end  of  1885  we  were  engaged  on  certain 
experiments  on  the  governing  of  transformers  in  series  to  give  a 
constant  potential  difference  at  each  house,  and,  as  our  experi- 
ments were  to  be  conducted  with  small  transformers,  we  required 
a  voltmeter  which  would  measure  an  alternating  jrotential 
difference  of  three  or  four  volts  with  aecurocy.  Such  an  instru- 
ment not  being  in  the  market,  we  were  com]ielled  to  deriae  one  j 
and  we  were  led  to  consider  whether  the  Cardew  principle  might 
not  be  employed  in  an  instrument  which  should  give  quite 
definite    readings    even    near    the    zero,    and    produce   a   large 
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deflection  when  an  alternating  potential  difference  of  a  few 
voltB  was  maintained  between  its  terminals. 

Part,  of  the  vagueness  in  the  readings  of  the  Cardew  instm- 
inent  we  saw  waa  due  to  the  employment  of  toothed  wheels;  and, 
as  explained  in  a  paper'  read  by  us  before  the  Royal  Society  in 
1884,  toothed  wheels  have  not  recommended  themselves  to  us  as 
a  means  of  magnification  in  ammeters  and  voltmeters,  in  con- 
sequence of  the  friction  they  are  liable  to  introduce.  In  fact, 
after  giving  toothed  gearing  an  extensive  trial  in  our  instruments, 
originally  described  to  thia  Societyf  in  1882,  we  decided  to 
abandon  its  use  in  1884. 

If  a  voltmeter  depending  for  its  action  on  the  expansion  of  a 
wire  by  heating  is  to  be  sharp  in  its  action,  the  wire  must  be 
fine;  and  if  it  is  to  measure  a  small  potential  difference  the  wire 
most  be  short ;  hence  we  were  led  to  consider  whether  it  was  not 
possible  to  construct  a  voltmeter  of  quite  a  short  length  of  fine 
wire,  and  observe  its  extension  with  some  fricUonless  magnifying 
arrangement.  This  led  us  to  consider  the  platinum  wire  tele- 
phone described  by  Mr.  Preece  in  his  paper  {  read  before  the 
Royal  Society  in  1880,  which,  although  composed  of  but  a  short 
length  of  wire,  evidenced  by  the  motion  of  the  diaphragm,  fa  the 
centre  of  which  one  end  of  the  wire  was  attached,  every  change  in  the 
current  passing  through  it.  After  thinking  out  various  means  of 
attaining  this  result,  we  were  led  to  see  that  one  of  our  magnifying 
springs,  described  to  this  Society  in  1882,  furnished  the  means  of 
obtaining  a  sufficiently  sensitive  frictionless  magnifying  arrange- 
ment. For  experiment  shows  that  if  a  short  piece  of  fine  wire 
WW(Fig.  l)only  seven  inches  long  be  stretched  between  two 
supports  A  and  B  to  which  it  is  rigidly  attached,  and  if  it  be 
pulled  slightly  out  of  the  straight  line  by  one  of  our  right-  and 
left-handed  magnifying  springs  M,  ri-g-UUy  attached  at  its  one 
end  to  the  wire  and  at  the  other  to  a  support  S,  the  ases  of  the 
spring  and  the  wire  being  at  right  angles  to  one  another,  the 

•       •"A  New  Foruiol  Jipringlor  Electric  and  other  Measuring  lD>(.ruinent8." 
t  "Measuring'.Inatrunients  used  in  Electric  Lighting  anrl  Transmjasion  of 
"  Power," 

II  "Thermal  Eff*cis  of  ElHCtric  Current*." 
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arrangement  is  so  delicate  tUat  the  eximnaioii  produced  by  even 
the  approach  of  a  worm  hand  is  evidenced  by  the  rotation  of  a 
pointer  P  attached  to  the  ceolre  of  the  rights  and  left-handed 
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magnifying  spring.  The  absence  of  all  gearing  and  the  rigid 
fastening  of  both  ends  of  the  spring,  combined  with  the  fineness 
of  the  wire,  make  the  arrangement  remarkably  dead-beat  in  its 
action  ;  and  when  the  wire  is  enclosed  in  a  short  metal  tube  we 
have  a  voltmeter  which  will  measure  even  the  iraction  of  a  volt, 
whether  the  potential  difference  be  direct  or  alternating,  since  the 
readings  even  near  the  zero  are  quite  definite. 

The  rights  and  left-handed  spring  was  employed  to  avoid  any 
twist,  being  given  to  the  wire ;  bat  one  of  our  assistants — Mr. 
Bourne— who  has  worked  at  this  instrument  with  his  customary 
ingenuity  and  dexterity,  soon  found  out  that  half  the  length  of 
the  spring  conld  be  dispensed  with,  and  an  equally  efSoient  bat 
much  more  compact  arrangement  could  be  effe^t^d  by  using  a 
single  ordinary  magnifying  spring  .W(Fig.  2)  and  introducing  a 
small  piece  of  fine  wire  C  D  between  the  one  end  of  the  spring 
and  the  stretched  wire  WW,  or  between  the  other  end  of  the 
spring  and  the  support  S. 

To  get  extreme  quickness  of  action  on  changing  the  potential 
difference,  it  is  desirable  to  employ  a  thin  wire;  and  as  the  stTength 
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of  sach  a  wire  is  email,  the  next  step  was  to  combine  a  number  of 
wires  mechanically  in  parallel,  and  electrically  in  Genes  or  parallel, 
the  wires  being  attached  at  their  middles  to  a  stirrup  which  is 
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carried  by  the  magnifying  spring ;  and  voltmeters  containing  as 
many  as  twelve  short  wires,  each  about  aeven  inches  long,  were 
made  in  the  early  part  of  the  summer  of  1886. 

These  instruments  showed,  however,  the  sluggishness  which  is 
femiliar  to  the  users  of  the  Cardew  voltmeter,  and  we  had  to  set 
ourselves  to  investigate  it.  Stationary  metallic  screens  were 
inserted  betweeu  the  wires  to  assist  the  cooling,  and  various  other 
eans  tried,  without  sutceas,  when  we  set  Mr.  Bourne  to  iuvesti- 
rte  the  general  question  of  sluggishness,  A  variety  of  experi- 
ents  were  made  by  him  on  the  rate  of  variation  of  the  permanent 
state  of  a  wire  with  the  variation  of  potential  difference  at  its 
mninals,  as  affected  by  varying  the  proximity  of  the  wires,  their 
ugth,  &c.  This  occupied  him  several  weeks,  and  the  experi- 
ments he  made  were  too  numerous  to  be  recorded  here.  With 
r  many-wire  voltmeter  the  sluggishness  was  certainly  not  due 
mechanical  friction,  as  our  magnifying  spring  is  practically 
frictionlesaj  and  we  gradually  saw  that  the  peculiar  creeping  back 
in  the  deflection  of  a  Cardew  voltmeter  when  a  perfectly  constant 
[Wtential  difference  was  firat  set  up  between  the  terminals  was  due 
to  the  fact  that  the  draught,  of  air  created  in  the  tube  by  the  heated 
ires  takes  an  appreciable  time  to  be  produced,  so  that  the  wires 
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are  hotter  directly  the  poleotial  diflference  is  applied  than  they 
bet'ome  when  the  draught  begins  to  flow.  A  number  of  more  or 
lees  auccesBful  devices  were  tried  for  overcoming  this  defect'— 
for  inatance,  even  the  employment  of  a  draught  independently 
maintained — when  we  found  in  the  summer  of  hist  year  that 
the  simple  device  of  placing  the  tube  horizontal  instead  of 
vertical,  and  using  very  fine  wire — not  much  exceeding  one- 
thousandth  of  an  inch  in  thicknees — overcame  all  the  difficulty. 
The  importance  of  placing  the  tube  horizontal  was  also  sub- 
sequently seen  by  Mr.  G.  S.  Ram  this  year,  and  consequently  the 
scales  of  the  Cardew  voltmeters  are  now  marked  so  that  the 
zero  is  at  the  top  when  the  tube  is  placed  horizontal. 

This   home-made  instniment   with  two  wires   lying  on  th' 
table  was  then  completed  in  August  of  last  year,  and  was  found 
to   be  remarkably  sharp  and  decisive  in  its  action — to  give 
deflection  of  300"  with  14-22  volts  maintained  at  it-s  tenninall? 
Even  a  fraction  of  a  volt  can  he  measured  with  it,  as  the  rea' 
are  quite  definite  even  near  the  zero. 

The  finest  wire  emjiloyed  by  Captain  Cardew  in  hia  commer- 
cial instrument  has  a  diameter  of  0-0025  of  an  inch;  but,  in 
consequence  of  our  magnifying  gearing  being  frictionless  and 
comparatively  massless,  we  are  able  to  use  much  finer  wire— not 
more  than  0-0014  of  an  inch  in  diameter — without  any  fear  of 
injury,  even  if  the  instrument  receive  a  sharp  knock.  This 
greater  fineneaa  of  the  wire  gives  us  three  times  as  much  resis^ 
ance  per  foot,  and  therefore  enables  the  instrument  to  be  vi 
much  smaller ;  also,  as  the  ratio  of  surface  to  sectional  area  is  far 
greater,  the  heating  and  cooling  is  far  more  rapid — that  is,  the 
instrument  is  much  more  dead-beat. 

Figs,  3  and  4  show  two  sections  at  right  angles  to  one  anothi 
through  the  centre  of  this  other  two-wire  voltmeter  which  is  lying 
on  the  table.  It  has  been  constructed  on  the  lines  of  the  original 
one,  but  in  a  more  workmanUke  manner.  It  ia  direct-reading, 
and  measures  from  0  to  10  volts,  the  deflection  for  that  potential 
difference  being  some  250°.  The  same  letters  are  employed  to 
designate  the  various  parts  of  the  instrument  as  were  used  in 
Figa.  1  and  2,  with  the  addition  of  T,  the  metal  tube  surrounding 
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the  wires ;  and  the  stirrup  connecting_the  end  of  the  magnifying 
pring  with  the  wires  is  also  shown. 

The  employment  of  aeveral  short  parallel  wires  soon  Buggested 


I 


Fia.  4. 
'the  addition  of  the  comnmtator  descrihed  in  our  paper  read 
before  this  Society  in  1881,  for  varying  the  sensibility  of  a 
voltmeter.  But  whereas  with  our  commutator  ammeters  and 
voitmeterp,  in  which  the  magnetic  action  of  a  current  in  deflecting 
a  magnetised  needle  was  employed,  the  current  had  to  flow 
throagh  every  wire  in  the  same  direction,  w\\et\\ei  Oae  -wSw*  ■«e;ift 
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joined  in  aeries  or  in  parallel,  with  this  new  form  of  voltmeter  in 
wbich  the  heating  property  is  employed  it  is  unimportant  which 
way  the  current  passes  through  (i  wire.  Hence  the  pins  in  the 
barrel  of  our  old  commutator  which  gave  trouble  may  be  entirely 
dispensed  with,  and  the  commutator  assumes  a  very  simple  form. 
In   fact,  if  AB,  BG,  CD,  DE,  FQ  (Fig.  5),  represent  wires 


Fia.  6. 


joined  in  series  in  the  new  form  of  voltmeter,  the  series  con- 
nections need  not  be  disturbed  when  a  parallel  arrangement  is 
required,  since  all  that  need  be  done  to  join  them  in  parallel  is  to 
oonnect  the  points  A,  C,  E,  G,  by  means  of  the  bar  L,  and  B,  D,  F, 
by  means  of  the  bar  M,  S  and  S  P  are  the  terminals  for  series, 
and  P  and  SP  for  parallel,  so  that  if  the  commutator  he 
accidentally  turned  from  series  to  i)arallel  the  circuit  is  broken 
and  the  wires  are  not  fused.  This  instrument  lying  on  the  table 
is  a  four-wire  voltmeter, and  the  sensibility  is  such  that  15'2  volts 
gives  a  deflection  of  39°  when  the  commutator  is  turned  to  series, 
and  295°  when  it  is  turned  to  parallel. 

It  is  important  to  notice  that  the  employment  of  this  com- 
mntating  device  to  vary  the  aensihility  enables  all  the  wire 
in  the  instrument  to  be  always  operative  in  deflecting  the 
pointer;  whereas  if  the  ordinary  device  of  adding  an  outride 
resistance  coil  be  employed  to  enable  the  voltmeter  to  measure 
A  larger  numbe.r  of  volts,  the  eueTg^  a-^ietiV.  ■\\:i\iwiNJ«i%^V\»'a"(&EwL« 
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esistaooe  coil  is  entirely  wasted  as  far  as  deflecting  the  pointer 
is  concerned.      In  fact,  the  greater  the  ontside  resistance,  the 

nore  inefficient  becomes  the  voltmeter. 

For  the  object  of  still  more  completely  carrying  out  the 
principle  of  employing  a  number  of  short  wires  we  have  also  made 
voltmeters  in  the  following  way: — The  wires  are  arranged  like  the 
spokes  of  a  email  bicycle  wheel  W  H''{Fig.  6);  that  is,  we  have  a 
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rcular  rim  of  a  wheel  R,  which  may  bo  of  the  same  metal  of 
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nliich  the  wires  are  made,  to  eliminate  errors  due  to  change  of 
tempemtiire,  fitted  with  non-conducting  studs  A,  B,  0,  D,&c.,  lo 
whicli  the  wires  are  attached.  There  is  also  a  small  non-conducting 
central  piece  N,  corresponding  with  the  hub  of  a  wheel,  to  which 
the  wires  are  also  attached;  and  as  the  wires  come  from  rim  to 
middle  backwards  and  forwards  several  times,  the  arrangement 
appears  like  a  bicycle  wheel  with  many  s[X)kes,  as  seen  in  Fig.  7. 


Fio.7. 

One  end  of  a.  right-  and  left-handed  magnifying  spring  M  (Fig.  6) 
under  tension  is  rigidly  attached  to  the  hub  H,  and  its  other  end  to 
the  support  S.  Hence,  as  the  wires  expand  on  heating,  the  spring 
draws  the  hub  H  more  out  of  the  plane  of  the  rim  R,  and  th 
rotation  of  the  pointer  P  measures  the  current.  This  instrume 
on  the  table  is  made  exactly  in  this  way.  Using  two  of  its  thr 
terminals,  the  range  is  from  0  to  50  volta ;  or  using  one  of  thl 
previous  ones  and  the  third,  it  is  from  0  to  100  volts.  In  both 
cases,  however,  the  whole  of  the  wire  ia  operative  in  deflecting 
the  pointer. 

Fig.   8    shows  a  voltmeter  made   with   two   bicycle   wheel^ 
The  letters  attached  to  one  of  them  refer  to  the  ^me  parts  as  the 
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Tetters  used  in  Fig.  6,  wliile  similar  accented  letters  are  used 
for  the  similar  parts  of  the  second  hlcycle  wheel.  As  before,  one 
end  of  the  right-  and  left-handed  magnifying  spring  is  attached 


FiQ.  B. 
to  the  hub  of  one  of  the  wheels,  but  instead  of  the  other  end 
being  rigidly  attached  to  the  case  of  the  instrument  it  is  attached 
to  the  huh  of  the  other  wheel.  Hence  the  rotation  of  the  pointer 
is  produced  by  the  expansion  of  all  the  wires  on  both  wheels. 
Fig.  9  shows  the  actual  arrangement  of  the  double  bicycle- 
wheel  voltmeter  on  the  table,  where  an  ordinary  (not  a  right-  and 
left-handed)  magnifying  spring  M  is  employed,  with  a  flexible 
connection  of  fine  wire  caiTied  by  the  support  8,  which  itself 
is  carried  by  the  hub  //  of  one  of  the  wheels.  The  wires  are 
electrically  divided  into  four  sets.  When  the  commutator  is 
turned  to  series,  80  volts  produce  a  deflection  of  300°;  whereas  20 
voUs  produce  a  deflection  of  300°  when  the  commutator  ia  turned 
'  parallel. 
In  Fig.  6  of  the  single  bicycle-wheel  voltmeter  the  instru- 
ment  is   shown    with  the   dial   vertical.     But  mv'j  qx*  cil  ya» 
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forms  described   in  this  p&per  may  also  be  used  with  the  dial 
either  horizontal  or  vertical. 


Fra.  9. 
The  action  of  these  instruments  is  quite  easy  to  understand ; 
but  the  mathematical  calculation  of  the  way  in  which  the  deflec- 
tion of  the  pointer  for  a  given  potential  difference  is  varied  by 
varying  the  dimenaions  of  the  magnifying  spring,  the  initial  sag 
given  to  the  wire,  and  the  dimensions  of  the  wire,  is  not  quite  so 
easy  to  work  out.  We  have,  however,  succeeded  in  reducing  the 
solution  to  a  comparatively  siiaple  form,  and  the  following  com- 
{irises  the  consideration  of — 

A.  The  general  formula;  and  the  law  of  graduation,  page  550. 

B.  Waste  of  power  in  the  voltmeter,  page  557. 

C.  The  range  in  volts  of  the  voltmeter,  page  559. 

D.  The  greatest  angular  deflection  of  the  pointer,  page  559. 

E.  Uniformit  y  of  the  scale  divisions,  page  563. 

F.  Correction  for  temperature,  page  562. 

A. — General  FoEMtiL-e  and  Laiv  of  Graduation. 
Let  AO B  (Fig.  10)  be  one  of  our  fine  wires  or  two  opposite 

0 
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Spokes  of  our  bicycle-wheel  form  of  voltmeter,  the  size  of  the  hub 
being  negleL'ted.     Let 

(I                                       OQ  =  y. 
let  the  diameter  of  the  wire  be  d,  and  the  specific  resistance 
f  its  material  be  p  when  its  temperature  is  d  degrees  above  the 
■temperature  of  the  smrounding  metal  case :  then,  if  the  case  does 
pot  alter  greatly  in  temperature, 
I  p  =  pAi  +  ice) (1) 

where  h  is  the  coefficient  of  increase  of  resistance  per  degree 
centigrade,  and  />„  is  the  specific  resistance  of  the  material  when  0 
is  nought, 

WTien  ^  =  0, 

let  I  =  l„ 

and  y  =  Vo- 

then  ;   =  /„  ( 1  +  a  S), 

where  a  a  the  coefficient  of  increase  of  length  per  degree  centi- 
grade. 

bf-\rAQ*  =  \  I', 
y,'  + Aft'=iCi     - 
-.'■  ^  —  y*  =  k  'o'  «  ^>  approximately  ...     (2) 

nnce  a  is  small. 

In  that  very  useful  treatise  of  Dr.  Everett's,  "  Units  and 
"  Physical  Constants,"  there  are  given  the  results  of  ^tr. 
McFarlane's  and  of  Professor  Tait's  experiments  on  th«  rate 
of  loss  of  heat  in  air  at  ordinary  pressure  from  copper 
for  various  dififerences  of  temi>6rature  between  the  copper 
and  the  surrounding  space,  but  no  indication  is  given  as 
to  the  form  of  the  rndiating  body,  nor  of  its  size,  and  hence 
people  have  used  Mr.  McFarlane's  results  as  if  they  applied  to 
bodies  of  any  shape  and  size,  and  so  have  been  led  in  some  cases 
to  erroneous  conclusions.  As  a  matter  of  fact,  Mr.  McTarlane's 
jSnlaes  for  the  rate  of  loss  of  heat  by  radiation  and  convection 
'  given  in  Dr.  Everett's  "  I'nits  and  Physical  Constanta"  apphj 
OTity  to  a  copper  ball  of  2  cenlimitrfa  radki^,  since  this,  we 
Snd,   WHS  the  cooling  body  einployei\  by  'Mt.'NV';YB3\a.Ti«  \r. 'C&a 
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experiments  in  question,  as  mentioned  in  Mr.  McFarlane's  paper 
communicated  by  Sir  W.  Thomson  to  the  Royal  Society  in 
1870. 

But  in  a  very  valuable  book  published  (wo  years  previously  to 
that — viz.,  in  1868— by  Mj.  Box,  and  called  a  "  Practical  Treali» 
"on  Heat,"  there  ia  a  table  given  on  page  151  (which  has  been 
much  used  by  engineers)  showing  the  loss  of  heat  from  contact 
with  air  with  horizontal  cylinders  and  spheres.  It  was  deduced, 
we  rather  think,  from  M.  Peolefs  experiments,  and  it  shows 
clearly  that  the  loss  of  heat  per  unit  area  increases  at!  the  diameter 
of  the  cylinder  or  sphere  diminishes.  Mr.  Boi  used  the  Fahrenheit 
scale  for^tempeniture,  a  square  foot  as  his  unit  of  area,  a  pound 
for  his  unit  of  mass,  and  an  hour  for  his  unit  of  time ;  but,  reducing 
his  formuliE  to  the  C.G.S.  system,  we  tind  that  the  loss  of  heat 
(gramme,  C°)  per  second,  per  sfjunre  centimetre  of  surfa 
per  1°  C.  excess,  ia 

0-tK)01057 


0-00005710  + 


for  a  long  korizoiiUd  cylinder, 


and  0-00004928  +  "'""^^^"^  for  a  sphere, 

a  being  in  the  former  the  radius  of  the  cylinder  in  centimd 
and  in  the  latter  the  radius  of  the  sphere. 

Applying  Box's  formula  for  a  sphere  to  the  case  where  o  is  2 
centimetres,  the  radius  of  Mr,  McFarlane's  ball,  we  obtain  for 
the  loss  of  heat  (gramme,  C")  per  second,  per  square  centimetre 
of  surface,  jier  1 "  C.  esceas,  the  number  0'00022!)7 — a  nmnber  which 
is  between  Mr.  McFarlane's  value  for  polished  copper  (0*000178) 
and  for  blackened  copper  (0'0002o2).  There  is,  therefore,  every 
reason  for  believing  that  Box's  formula  is  at  any  rate  approxi- 
mately correct.  ^| 

Let  us  take  as  a  first  approximation  that  the  rate  of  loss  of 
heat  is  directly  proportional  to  the  difference  of  tempemture. 
This  we  know  is  not  strictly  true,  and  the  error  arising  from  the 
asBumption  will  he  further  considered  under  section  B — "Waste 
"  of  Power  in  the  Voltmeter.""  Then,  if  e  fl  be  the  heat-power  in 
walls  given  out  per  sipiare  centimetre  of  surface  of  the  wire  when 
(ie  excess  of  temperature  is  6°  C, 
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0-00005710  + 


0-0001057 


e  = 


0-239 


Now  the  resistance  of  Llie  wire  ia 


4  /    D 

— ^  i  so  that,  if  V  Tolta  be  the 

IT  K 


potential  difference  at  its  terminals,  -j~. watt«  are  deveIoi>ed 

in  the  wire,  and  l„Tr  d  e  d  =  heat-jMiwer  emitted  in  watts ;   so 
that 

Lirdid=  ?^  (3) 


or 


0  = 


(-») 


If  the  thickness  of  the  wire  be  very  small,  and  if  Box's  formula 
continue  to  hold  for  very  thin  cylinders, 

0-0001057 


€  = 


hence 


B  = 


0-239  a 

0-0Q08S48 

d 


,  approximately ; 


0-003539  V  p'       /' 

80  thai  to  raise  a  fine  wire  of  a  given  length,  made  0/  a  given 
7nal«nal,  to  a  given  temperature  above  that  0/  the  case  0/  the 
instrunt^nl  requires  that  the  poteiitial  difference  maijitained  at 
the  ends  of  the  wire  shall  he  inversely  proportional  to  the 
diam^er  of  the  wire,  approximately. 

»    If  £7  be  the  current  in  amjiSres  flowing  throngh  the  wire, 
Substitating  the  value  just  obtained  for  «  for  very  fine  wires, 
we  have 

C  =  0'01487  v  d  a/  -  ,  approximately ; 

or  th€  cv/rrent  required  to  mairUain  a  fine  toire  of  a  given 

material  at  a  definite  excess  of  temperatii/re  is  approximatdy 
^mAirectly  proportional  simply  to  the  thickness  of  the  wire. 

L —- 
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in  1884,*  but  he  appeared  to  regard  it  as  a  result  that  would  not 
have  been  e.ti>ected  from  experiments  previously  made  on  much 
thicker  wiree.  Mr.  Preece  also  published  resultSjt  in  the  same 
year,  of  experiments  made  on  fine  wires,  and  be  also  speaks  of 
the  results  of  esperimenta  "contradicting"  the  law  which  he 
obtains  theoretically.  Whereas  it  appears  to  us  that  the  eorrent 
having  to  vary  directly  as  the  diameter,  and  not  as  the  diameter 
raised  to  the  power  three  halves,  in  order  that  vert/  Jine  wires 
may  be  maintained  at  the  same  temperature,  is  in  entire  con- 
formity with  the  true  law  of  the  loss  of  heat  by  radiation  and 
convection,  which  was  published  certainly  as  early  as  twenty 
years  ago  by  Mr.  Box. 
Eqiuition  (5)  becomes 

Vd 


or 


e  = 


e  = 


iU 


epoii  +  key 


i 


One  law  of  the  magnifying  spring  is  that 

*  =    ~{y  -y«)     


approximately    (5 ) 


(6) 


where  <f>  is  the  rotation  of  the  pointer  in  radians,  s  is  a  ntunher 
depending  upon  the  material  of  which  the  spring  is  made,  and 
has  a  value  about  1  radian  for  phosphor  bronze,  and  r  is  the  radius 
of  the  spring," 

Substituting  for  y  from  (6)  in  (2),  we  have,  aa 


'■0   , 

y  =  ~  +  y^ 


Prf 


4Cep,(l  +i^^, 


V^d 


0' 


,,    ,    „  8        ,  ^  d  a 

or      ^^  +  2-y,^=   ^^^ 


1  + 


kd 


il 


^  p» 


P 


■  Jour.  Bnt.  Ttl.-Simrt.,  vol.  xiii.,  1884,  page  S4S. 
t  Tr<K.  Roy.  Bat.,  No.  381,  page  468. 

*  "A  New  Form  of   Spring  for  Electrio  and   other  Ueaiuriug   tiittn. 
•'menlf,"  Pne,  Rny,  Boe.,  Vo.  230, 1SS4.  pag:e  30G. 
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r.if 


and  if 


and  bence 


^=  ;. 


s'     d  a 


r'Stp. 


,  and  B  = 


kd 


4  i,«  e  p. 


-  y,  be  called  ^„,  then 


I 
i 


I 


=  *„!- 


^    =    ■/'o 


i 


1  + 


V  ^  +  ^' r+B-p} 


(8) 


(9) 


There  are  discrepancies  in  this  result,  due  to — 
St.  Our  assuming  (1).     But  it  will  be  found  that  the  error  due 
to  this  assumption  is  not  large  for  the  usual  temperatures 
of  the  instrument  when  platinum-silver  wire  is  employed. 
See  F — "  Correction  for  Temperature." 

2tid.  Our  assuming  e  to  be  independent  of  5.  If  e  is  not  constant, 
the  law  (9)  altera  in  shape.  As  we  never  use  (9)  for  the 
purpose  of  graduating,  but  merely  to  give  us  some 
approximate  knowledge  of  a  general  law,  this  will  not 
affect  in  any  way  the  accuracy  of  the  instniment. 

3rd.  We  have  not  taken  into  account  the  fact  that  time  ia  needed 

I  to  attain  the  state  of  equilibrium  indicated  by  (4),  bo  that  0 

might   be   expected  to   rise  higher  on   first  starting  the 
current  than  its  true  steady  value;  but  we  find  experi- 
mentally that  this  time  is  quite  inappreciable  with  a  very 
jvM  wire  placed  ktyrizontally. 
4tb.  Our  ha%ing  neglected  small  changes  in  y  due  to  the  tensile 

»  strain   in   the   wire.      It   can  be  proved   that  these   are 

unimportant,  except  when  y„  is  smaller  than  we  are  ever 
able  to  have  it  in  our  instruments. 
dth.  Our  having  dealt  with  certain  small  quantitieB  as  if  they 
^^  were  indefinitely  small. 

^P  B  is  found  to  be  small  in  onr  instruments,  and  when  y^  ie 
very  small  it  ia  obvious  that  the  deflection  0  of  the  pointer  is 
very  nearly  proportional  to  V,  the  potential  difference.  When 
ya  is  not  small,  the  readings  increase  at  first  in  proiwrtion  to  the 
square  of  the  volts,  and  then  become  more  nearly  proportional  to 
the  volts.  In  fact,  the  divisions  for  volts  of  the  scale  of  the 
instrument  get  rapidly  greater  for  small  readings ;  then,  an  the 
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readingg  become  higher,  the  di\isioD»  become  equal  to  oneanothw^ 
and  if  the  range  is  high  enough  they  become  somewhat  smaller    i 
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For  the  sake  of  illustration  we  have  drawn  the  three  curves 

Khown  in  Fig.  11,  taking 

A  =      -01 

and  B  =  -0001, 

and  the  values  0,  1,  and  2  for  tf>„. 


I 


If  such  a  spring  is  used  that  —  =  1,  then  tf>g  is  y,. 


B, — WiSTE  OF  Power  in  the  Voltmeteu. 

From  the  equations  preriously  given  it  follows  that  the  waste 

of  i>ower  in  watts  spent  in  keeping  a  long  fine  wire  l„  centimtoee 

in  length  0°  C.  above  the  teraperature  of  the  surrounding  space 

equals 

0-0008848  IT  /„  e, 

a  vahie  which,  depends  only  on  the  length  of  the  wire  arid  on 

the  temperature  to  which  it  la  raised  above  the  temperature  of  the 

case,  hut  iiot  at  all  on  the  diameter  of  the  wire.     This  result  is 

confirmed  by  the  ex])eriment.3  recently  made  by  Mr.  Evershed, 

who  has  found  that  about  36  watts  are  required  to  keep  a  wire 

3,600  mms.  long  at  a  temperature  of  about  180°  C.  above  the 

temperature  of  the  case,  whether  the  wire  be  0-038  mm.  or  0*0635 

mm,  or  0-0889  mm.  (i.e.,  1'5  or  2-5  or  3-5  mills.)  in  diameter. 

Substituting  360  centimetres  for  l^  in  the  above  expression,  and 

180°  C.  for  e,  the  value  becomes  180-2  watts.     This  is  more  than 

foar  times  the  value  obtained  by  Mr.  Evershed,  and  the  reason 

may   be    partly    due   to   the    fact   that   (as  already  noticed  in 

section  A)  we  have  hitherto  regarded  the  rate  of  loss  of  heat 

as  being  directly  proportional  to  the  difference  of  temperature. 

Dn  turning  to  Mr.  McFarlane's  paper   we  find  liia   result   may 

expressed  aa  follows  ; — 

Loss  of  heat  per  second  per  square  centimetre  of  a  bright  copper 

ball  2  centimetres  in  radius  for  a  difference  of  temperature  6°  C 


■^ 


=  Loss  for  I'C.  X  0 


0-000168  .     1-98 


(»; 


.+ 


000170     -000170 


xlO-'^- 


1-7 


^XlO-'i 


')• 


■000170' 

Instead,  therefore,  of  writing  as  above  the  expression  for  the 
ftte  of  loss  of  heat,  in  watts  ret^uired  to  maintain  a  long  wire 
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l^  centimetres  in  length  at  a  temperature  0°  C.  above  that  of  the 
BUrrounding  space,  it  wili  probably  be  more  correct  to  write  it  as 
something  like 

0-0008848  ./.^(^:^^  +  .-^  X  10-' fl -.^  X  10-' ^). 

If  now  ne  substitute  360  centimetres  for  l,  in  thia  expreeeion, 
it  becomes 

0  (0-9883  +  0-01 1R5  ^  -  10  "*  ff )  watts. 

Of  course  we  cannot  expect  this  esprossion  to  give  absolutely 
correct  resulta  for  any  values  of  0,  seeing  thai  Mr.  McFarlaae's 
experiments  did  not  extend  beyond  0  equal  60°  C.  The  ex- 
pression is  interesting,  however,  as  showing  that,  in  consequence 
of  the  negative  term,  t  must  be  taken  as  having  a  smaller  value 
when  0  is  higli  than  when  0  is  low.  For  0  equal  to  180**  C,  whidi 
was  about  the  excess  temperature  of  the  wire  in  Mr.  Evershed's 
experiments,  the  formula  as  it  stands  cannot  be  applied,  as  it  leadis 
to  a  negative  answer ;  but  for  $  equal  to  164-5°  C.  it  gives,  as  it 
happens,  almost  exactly  36  watts,  the  power  Mr.  Evershed  found 
was  expended  in  any  one  of  the  three  wires  he  tried. 

Mr.  Evershed  informs  us  that  he  estimates  the  temperature 
to  which  the  wire  is  raised  by  measuring  its  expansion;  we,  on 
the  other  hand,  have  found  it  more  convenient,  with  our  form  of 
voltmeter,  to  estimate  the  rise  of  temjjerature  of  the  wire  by 
measuring  its  increase  of  resistance.  Employing  this  latter 
method,  we  find  that,  roughly,  3'5  watts  per  foot  are  necessaFj 
to  maintain  a  very  fine  plat  in  am -silver  wire  at  a  temperature  of 
200°  C,  above  that  of  the  case.  This  result  is  rather  higher  than 
that  obtained  by  Mr.  Evershed,  and  corresponds  with  a  value  off 

_     .     .0-oooa 

equal  to  about  — -3—. 

In  the  absence  of  the  results  of  experiments  made  for  m&ny 
values  of  0  it  is  impossible  to  say  what  is  the  exact  function  of 
0  that  ought  to  be  employed  in  the  expression  for  the  watts ;  but 
from  what  we  have  given  there  is  every  reason  to  think  that  the 
expression  for  the  watts  required  to  be  spent  in  maintaining  n 
long  fine  wire  at  any  temperature  0  above  that  of  the  surround- 
ing space  is  a  function  of  the  length  of  the  wire  and  the  ezoesE 
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^^em 


peratTire  only,  and  is  nearly,  if  not  entirely,  independent  of 
the  diameter  of  the  vrire. 


I 


I 


C. — The  Kange  in  Volts. 
If  0,  be  tlie  highest  temperature  of  the  wire  allowable ;  if  V, 
volts  be  the  range   of  the   instrument   without   using   external 
resistance  coils,  then,  from  (i), 

V. 


''  =  ^''\/'-^ 


{\Q) 


80  that  this  range  is  proportional  to  /„— that  is,  to  the  length  of 
wire  through  which  the  current  passes  in  going  from  one  terminal 
to  another  of  the  instrument.  Hence,  if  there  are  10  wires,  each 
of  length  Xg,  we  can  make  /„  =  10  \  by  placing  the  wires  in 
series,  or  l,  =  \  by  placing  them  in  parallel  by  means  of  a 
commutator. 

Since,  far  small  wires,  e  is  inversely  as  rf,  the  range  in  volts 
increases  directly  as  the  length  of  the  stretched  wire  and  in- 
versely as  its  diameter.  As,  however,  increasing  the  length 
increases  the  waste  of  power  in  the  instrument,  it  is  rather  by 
diminishing  the  diameter  of  the  wire  that  the  range  in  volts 
ought  tx>  be  increased. 

If  a  small  range  in  volta  be  desured,  it  is  better,  in  order  to 
avoid  "waste  of  power,  to  use  one  thick  wire  than  several  thin 
■wires  in  parallel ;  and  this  rule  ought  to  be  followed  as  long  as  the 
thick  wire  is  sufficiently  quick  in  its  action. 

In  order,  however,  to  obtain  a  great  range,  it  may  in  many 
cases  be  desirable  to  employ  a  many-wire  voltmeter  with  a  com- 
mutator, in  spite  of  the  fact  that  this  arrangement  does  not  give 
us  the  instrument  that  is  most  economical  in  the  power  wasted 
when  a  few  volts  are  being  measured. 


I 


D. — The  Greatest  Anoulab  Deflection  ok  the  Poihter. 
With  any  given  spring,  it  is  obvious  that  we  ought  to  tighten 
the  wire  and  adjust  the  initial  tension  in  the  spring  until  the 
initial  pull  in  the  wire  is  q — the  greatest  pull  to  which  the  wire 
ought  to  be  subjected — and  also  until  we  find  that  at  the  highest 
temperature  the  spring  is  just  able  to  keep  the  wire  taut.  In  oar 
instruments  where  the  wires  lie  nearly  all  parallel  to  qtv*  «6tAtL«t 


seo 
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we  have  these  two  adjustments,  and  oIgo  in  those  with  the  bicycle- 
wheel  arrangement  of  wires,  in  which  the  outer  ends  of  the  wires 
majr  be  attached  to  adjustable  flexible  strips.  For  the  sake  of 
easy  calculation  we  may  take  the  final  pull  in  the  spring  as  0. 
Let  L  be  the  length  of  the  spring,  0,  the  deflection  of  the  pointer 
when  dt  (the  highest  temperature  of  the  wire)  is  reached,  P,  the 
initial  pull  in  the  spring.     By  the  triangle  of  forces 

? 


P   _  4^0 


(11) 


(If  there  are  u  wires  caught  by  the  end  of  the  spring,  say  n 
complete  diametral  wires  in  the  bicycle-wheel  form,  then  instead 
of  9  we  must  use  )t  g.) 

The  law  of  the  spring  is  such  that 

!/,-y.  =  rP,L^ (12)* 

where  r  is  the  radius  of  the  coils  of  the  spring,  L  its  axial  length 
n  a  constant  depending  on  (he  materinl  of  the  spring,  I  the 
thickness  of  the  strip  of  which  the  spring  is  made  ;  and  another 


law  of  the  spring  is 


4;  =  Kl'j. 

b  . 


(13) 


where  0  is  a  constant  like  a.    In  fad,  -  is  the  constant «  used  in  (6). 


SubstituUng  for  P„  from  { 1 1 )  in  ( 1 2  \ 

I  a    4rj  c  I- 


equation  (2)  is        y' 


y„   say 

-  yo'  =  i  i:  ae,  =  R,  say. 


(14) 


Dividing  by  (14),  we  have 


10  that 


R^ 


Re 

Sry/' 


2/.  = 


Substituting  in  (14),  we  find 

^—-2y.^S-^y. 


or 


2/= 


=  v/ 


R 


^K^i^'')' 


•"A  New  Form  of  Spring  lor  Klectric  Hud  ottier Measuring Inetruoieiits," 
Jhve.  Bof.  8oc.,  No.  230,  188*.  p-  S\l. 
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Substituting  for  P^  from  (1 1)  in  (13), 
,         Lb  4q 


S6L 


(15) 


audneing^atj^^^  found,  in  whiuh  R  =  2lf  a  d„  and  S  =  — .  -    , 
we  find  eventually  that 


2LaqV  +  r  f  („  *"  ^^^^ 

where  neither  of  the  two  tenns  in  the  denominator  is  negligible. 
The  observation  in  brackets  given  after  (11)  tells  us  that  we  may 
use  wg  instead  of  q  in  the  formula  if  there  are  n  lengths  of  wire 
or  n  complete  diametral  wires  in  the  bicycle-wheel  form  of 
instrument.  An  examination  of  (16)  will  show  how  the  range  0i 
may  be  made  large. 

■      The  following  are  the  deductions  that   may  be  drawn  from 
(16):- 
1st,  If/  be  the  working  stress  suitable  for  the  material  of  tha 


wire, 


=  /|d". 


<ft 


IT 


"3  =  ^f  x"^' 


I 

^^B  so  that,  if  we  desire  a  large  mniimum  deflection  without 

^H  reference  to  the  range  of  volta,  we  ought  to  use  wires  as 

^^V  thick  as  possible,  or  else  use  many  spokes  in  the  bicycle- 

^^P  wheel  form.    The  limit  to  the  tliickness  that  may  be  given 

^H  to  the  wires  arises  from  the  fact  that  the  heat  equilibrium 

^H  will  only  be  eintablished  slowly  with  thick  wires,  so  that 

^H  the  dead-beat  character  of  the  iustniment  suffers  if  the 

y^r  wires  be  too  thick- 

End.  The  greater  l,  is,  the  greater  is  the  maximum  deflection. 
I  Hence  the  greater  the  diameter  of  the  bicycle  wheel  and 

the  more  numerous  the  spokes,  the  greater  the  maximum 
deflection.  Also,  the  greater  the  diameter  of  the  bicycle 
wheel  and  the  greater  the  number  of  spokes,  still  more 
noticeable  is  the  range  in  volts. 
^^rd.  Diminishing  the  thickness  (f)  of  the  strip  of  metal  of 
^H  which  the  spring  is  made  has  a  vtry  great  effect  in  in- 
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4th.  Increaging  Ihe  length  (L)  of  the  spring  increanes  the  masi- 
tntun  deflection  just  in  the  same  way  as  increaaing  q  or  nq. 

5th.  Diminishing  r,  the  radiut^  of  the  coils  of  the  spring, 
produces  a  great  iDCreafe  in  the  maxiraam  deflectioOitr  hm! 

E. — Uniformitt  of  the  Scale  Dmsioss. 
It  is  rather  important  to  notice  that  from  (9)  it  foUowi;  that 

the  smaller  is  —  y^  the  more  uniform  become  the  divisions  of  the 


scale. 

Now,  from  (15),  y„  = 


t'  I  8 

.   r  J   ■  <i>i  i    SO  that  -  y„  being  small 


—  A,  is  small,  or  that  T-r  °         is 


means,  since  s  =  -,  that  —   — j^ 
a  a  r  i  L  g 

smalL  But  as  &  large  maximum  value  of  the  deflection  is  very 
important,  and  as  this,  as  we  have  seen,  requires  that  (  and  r 
should  be  small,  and  that  /„  and  5  should  be  large,  the  only  way 
in  which  we  can  simultaneously  satisfy  both  sets  of  conditions  is 
to  make  515  large — that  is,  by  using  thick  wires,  many  wires  (as 
many  wires  as  possible),  and  very  thin  strips  for  our  magnifying 
spring.  Using  thick  wires,  however,  diminishes  the  range  of 
volts  that  can  be  measured. 

Finally,  it  is  to  be  obser\-ed  that  the  condition  of  moat  im- 
portance in  obtaining 

(1)  A  large  maximum  deflection, 

(2)  Uniformity  of  the  divisions  of  the  scale,  mM 

(3)  A  large  range  of  volts  that  can  be  measoreii, 
is  to  make  the  strip  of  which  the  magnifying  spring  is  made  as 
thin  a»  jjoasible. 

K.— Correction  for  Temperatlire. 
In  what  precedes  we  have  disregarded  the  effect  produced  by 
the  variation  of  the  temperature  of  the  instrument  as  a  whole, 
caused  partly  by  variations  of  atmospheric  temperature,  and 
partly  by  the  warming  up  of  the  whole  instrument  by  a  pro- 
longed maintenance  of  the  potential  difference  at  its  terminals. 
We  will  now  investigate  tUe  mB.ga\t.ud«  of  the  error  so  caused. 
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Let  a  be  the  coefficieDt  of  expansioa  of  the  stretched  wire ; 
fi  be  the  coefficient  of  ezpansioD  of  the  &ainevork  sup- 
porting the  ends  of  the  wire  ; 
yjbe  the  dip  OQ  (Fig.  10)  at  the  temperature  of  graduation; 
Vt     „      „  t"  C.  above        „  „  „ 

y    H     ))  V  -\- 1  \j.  „  „         „  „ 


then 


^„'  +  J  (?  =  I  h'. 


3/*  +  JQ'Cl  +  /3()"=  li,  (1  +  «(«  +  i)r; 

the  initial  dip  at  the  temperature  of  graduation  be  email, 
4  jIQ*  =  l^,  approximately ; 

-•■  y"  -yo*  =  U/  {a{e  +  t)-  pt\. 

Let  a  —  ^  =  y, 

vfhere  7  can  be  made  positive,  nought,  or  negative  by  compen- 
sation of  the  framework  of  the  instrument  for  changes  of 
temperature.    Hence 

y"  -yf  =  iL'{a0  +  70      ...    (17) 

^Also,  if  />j  be  the  specific  resistance  of  the  material  of  which  the 
^^■ire  ie  made  at  the  temperature  of  the  framework  of  the  instru- 
ment during  graduation  ;  and  if  p  be  the  specific  resistance  when 
the  framework  of  the  instrument  is  at  a  temperature  t°  C.  above 
that  of  the  temperature  of  graduation,  and  when  the  wire  has  a 
temperature  8°  C.  above  that  of  the  framework, 

p  =  p„{i  +  k{e  +  t)]. 

Consequently,  following  the  reasoning  previously  given,  con- 
necting the  rate  of  loss  of  heat  by  radiation  and  convection,  and 
the  rate  of  production  of  heat  by  the  passage  of  the  current,  w« 
have  ^  V'd 

^  =  4C^/>|l+^(g  +  0r^PP'°"'"^^"'^- 
K     Substituting  in  (17)  the  value  for  y  given  in  (6),  and  for  0  the 
value  just  obtained,  we  have 


r'S 


II  +  k(6  +  t)\ 
A   K- 


o-j-y 


(l  +k8)( 


1  + 


Tt 


\  +  k  e 


I 


(}  -  '^«V 


M 


POBTABI.B  YOLTMETEBS   fOB    MEASPEING     [Sor.  Blth. 


or      0»  +  2^0=^^-^(l-^l^+r^),api.rorimat«ly(18) 

Now  formula  (8),  obtained  on  the  assumption  that  the 
framework  of  the  voltmeter  always  remained  at  the  tempera- 
ture it  was  at  during  the  gradustioo  of  the  instrument,  may 
be  written 

hence  the  effect  of   the  whole  instrument  being  heated  up  to 
(*  C.  is  to  diminish  the   right-hand   side   of   the  equation    by 

the  fraction  ,■  .  of  itself,  in  consequence  of  the  increase  of 

the  resistance  of  the  stretched  wire ;  and  to  increaae  the  right- 

band  side  of  the  equation  by  the  fraction  ^—^  of  itself,  in  conse- 

a  u 

quence  of  the  difference  of  the  coefficients  of  expansion  of  the 

stretched  wire  and  the  framework.     If  7,  the  difference  between 

the  coefficients  of   expansion   of  the  stretched  wire  and  of  the 

framework,  be  selected  so  that 

'f  ~   I   +  k0' 

then  for  that  particular  value  of  0  there  will  be  no  temperature 
error  of  the  inatruraent.  Now  the  effect  of  y  not  being  nought 
will  be  to  cause  a  slifjht  motion  of  the  pointer  when  the  whole 
instrument  is  warmeii  up  as  a  whole  without  any  jmtential  differ- 
ence being  maintained  at  its  terminals;  or,  in  other  words,  7 
produces  what  may  be  called  a  zero  error.  Hence  the  zero  error 
can  be  made  such  that  there  is  no  temperature  error  when  the 
instrument  ia  required  to  measure  a  certain  definite  potential 
difference  or  a  potential  difference  of  about  that  value.  If,  on  the 
other  hand,  the  framework  of  the  inatniment  be  so  constructed 
that  7  is  nought — that  is,  so  that  there  is  no  zero  error — then  the 
deflection  corresponding  with  any  given  number  of  volts  main- 
tained at  its  terminals  will  be  somewhat  diminished  as  tbe  instru- 
ment warmR  up  as  a  whole.  In  order  that  accurate  readings  may 
be  able  to  be  made  of  small  potential  differences  giving  de6ectious 
near  tbe  zero  it  will  be  desirable  to  make  -j  small,  but  whether  it 
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oaght  to  be  made  abaolittely  nought  or  not  can  only  be  deter- 
mined by  practical  experience  of  this   new  form  of  voltmeter 
extending  over  some  time. 
Solving  (18),  we  have 


0  =  -  *.  + 


x/i'J 


+ 


O-r 


ki 


-H) 


(19) 


K 


I  +  keV  \  +  k0  aOj 
and  in  order  to  estimate  the  magnitude  of  the  error  arising  from 
the  terms  invoMug  (  let  us  consider  the  values  of  the  constants 
in  the  previous  expression.  In  some  of  our  instruments  we  find 
that  the  initial  sag  y^  is  about  0-5  centimetre,  and  that  y  —  ygie 
about  0"22  centimetre  when  if>  is  about  280° — that  is,  when  the 
.eedle  ia  deflected  to  the  limit  of  the  scale.     Therefore,  since 


and 


*  =  i(3/  -y-). 


it  follows  that  <^  =  -^"j  approximately, 

when  the  deflectionjhas  about  its  maximum  value. 
iwnte  X  for  - — r~r-a'  ^  """  i — r-Ta  [}  ~  Y 


Hence,  if  we 


\  +  kO' 1  +  k0\         I  +  kd 

4>\Jor  the  value  of  (^  when  X  becomes  .Y',  we  have 

^  =  —20  +  V  4  0'  -I-  .Y,  approximately, 
and  0'  =  -  2  0'  +  v/4  0'  +  X% 

therefore   the     proportional    error    when    the    deflection 
maximum  _^^_ 

r 5_  =   ^^ ,  approximately. 


IS    a 


=  1  -  a/i  -r 


k  t 


+  i£e 


Now  t  equals  0-00031  and  a  about  0-0000145  for  platinum- 
silver;  also  0  is  about  250"  C.  when  the  deflection  if>  is  about 
280°,  Let  /,  the  temperature  tlirough  which  the  case  of  the 
instrument  ia  raised  above  the  temperature  of  graduation,  be 
50°  C. :  then,  if  7  be  nought, 
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A  —  d/ 

~    .        =  0*007,  approximateij  ; 

that  IB,  <f)  is  diminished  by  about  0'7  per  cent.,  in  consequence  of 
the  Increase  of  resistance  of  the  stretched  wire.  And  this  tem- 
perature error  can  be  made  still  less  by  giving  7  a  negative  value — 
that  is,  bj  making  the  framework  of  the  instrument  have  a  larger 
coefficient  of  expansion  than  the  stretched  wire.  For  instance,  if 
the  framework  which  carries  the  stretched  wire  have  a  coetScient 
of  enpansion  rather  less  than  that  of  copper,  the  temperature 
error  of  the  voltmeter  in  the  higher  parts  of  the  scale  will  be 
practically  nought. 

The  accuracy  of  the  instrument  de]>end8,  among  other 
things,  on  the  constancy  of  the  elasticity  of  our  mag- 
nifying springs.  To  test  this  we  have  had  testa  conducted 
regularly  during  the  last  two  years  on  one  of  our  magnifying 
spring  ammeters.  The  current  was  measured  absolutely  on  each 
occasion  by  the  sQver-deposit  method,  and,  as  this  can  be  done 
more  easily  and  accurately  if  tVie  current  be  rather  small,  the 
ammeter  selected  for  this  series  of  tests  was  one  that  gave  the 
maximum  deflection  (of  about  270")  for  IJ  amperes.  Of  course 
the  only  difference  between  this  ammeter  and  a  magnifying 
spring  ammeter  measuring  a  much  larger  current  is  in  the  gauge 
of  wire  used  in  the  winding,  and  not  at  all  in  the  spring; 
therefore  any  conclusions  as  to  constancy  that  may  be  drawn 
from  the  results  of  the  tests  are  equally  applicable  to  any  other 
magnifying  spring  ammeter.  Sixty-four  distinct  tests  have  been 
made  by  different  groups  of  students  in  the  two  years;  and  to 
impress  on  the  students  the  importance  of  making  such  time 
tests  of  an  ammeter,  as  well  as  to  prevent  their  imagining  that 
the  silver-depoHit  test  ought  to  give  the  same  values  for  the 
currents  as  are  indicated  by  the  graduations  of  the  scale  of  the 
ammeter,  the  students  were  warned  that  the  ammeter  had  been 
intentionally  graduated  with  an  error — the  error,  in  £act,  being 
that  the  ammeter  reads  from  1^  to  2  per  cent,  too  low. 

Instead  of  giving  the  tests  in  the  exact  order  in  which  they 
were  taken,  each  group  of  tests  is,  for  convenience  of  comparison, 
armaged  in  chronological  order. 
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made  with   a  Maijnifying  firing  Ammeter  initially 
ffnutucU^d  from  l^  to  2  per  cent,  too  low. 


D»T«. 

TeEoparatDr* 
In  Utgieet 

Bending  OD 
Ammecar. 

Amptrn  iij 

QenUgTHl*. 

Tohwiutar, 

Ociober,  IMS     

U'SSS 

0-592 

Jnlf.  188II 

21°' 

0-B8 

0'59 

October,  1886     

October,      „       

Ml" '8 

0-68 

O-B&U 

irs 

0-60 

0-571 

» KovcmWr,  „        ...     „,     ... 

i&°-i 

0-6 

O'SU 

1  October.  ISBfl     

... 

0-66 

0-682 

Ociober,     „        

March,  1866       

0-65 

0-606 

18°" 

OGOO 

0-616 

^.            4,                  J,                   «ai         ..k         1.. 

13°-8 

0-i;4 

0-Uo7 

i     <i        11        

1*" 

O'GB 

0-692 

Bnly,        „          

a2°-B 

0*G6:l 

0-683 

fOclober, 

IT'-O 

0-G21I 

0-635 

1      ., 

I7°-6 

0-67 

0'68S 

.November.  1686 

13° 

0-eo 

C1-61B 

(■October,  188T     

18M 

O'SO 

0-618 

August,  188(1      

... 

D-76 

0-776 

1        »j         ,}         '■.     ••■ 

i.> 

0-76 

0-776 



(Boremticr,  1886 

>.. 

0757 

0-775 

12" 

0-71X1 

0-721 

i       ^        

[Dei'emlier.     ,.     

■  ■■ 

0-721 

0'7« 

8° 

0-70 

0-72 

\ge\tToarj,  1SH6 

W 

0-70(1 

0-727 

T            ]|                   ti         ■""       <»■        "i' 

ie=-i 

0-72(1 

0-7*6 

(■JnlT.  188C 

ao-'B 

0-722 

0-7*9 

(.October,  1887     

18°-* 

0-7tl 

0-711 

f     

L 

iir-6 

0-70 

0-716 

r 

October,  1888      ...     .„     ... 

IS-'C 

0-8* 

0-8B9 

IFehman-,  1887 

iB°'e 

0-80 

0-820 

.Ociohcr,        „     

IfT 

0-80 

11-821 

,.             1, 

ie°'5 

0-80 

U-828 

],              ,,      ...     .». 

17*-25 

0-80 

II  813 

Morember,    „     

\e''R 

0-80 

0-8U 



Hi°(; 

0-64 

0-861 

fi 

iFebmarj',  1887 , 

13°-5 

0-90 

0-916 

iMurch,  1887        

ia°-2 

0-BO 

0-920 

|Kovcml)cr,  1887 

IB'^B 

0-91 

0-939 

fejir.iseo 

1-06 

1-073 

Dmeinlier,  1885 

^-4 

looe 

!-{122 

'       .,           „    

9° 

1-07 

1-096 

.,                        J,        1,1         -■■          ..^ 

r-5 

1-12 

I  14 

;, 

ii° 

1-12 

IH 

Oeloljor,  1886    

UN5 

l-UT 

1-160 

IS  the  tests  were  made  by  a.  [urge  number  of  different  students, 
kg  very  different  aptitudes  for  such  work,  some  of  the  results 
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arrived  at  were  obviously  wrong,  an  J  have  been  rejected;  but, 
excluding  tliese  few  exceptional  ones,  the  preceding  are  a  fair 
sample  of  the  results  obtained,  and  ve  see  that  it  is  impossible 
to  conclude  from  them  whether  the  ammeter  has  become  more  or 
leBH  sensitive  during  the  two  years.  In  other  words,  its  sensibility 
for  practical  purposes  has  remained  quite  constant.  The  tem- 
perature was  carefully  recorded  after  the  early  part  of  1886,  since 
it  was  thought  that  perhaps  some  temperature  error  might  become 
visible;  but  this  has  not  turned  out  to  be  the  case,  so  that  (/« 
temperature  may  he  appiirentl>/  neglected  in  using  a  niagnifyhiu} 
spring  ammeter.  With  a  magnifying  spring  voltmeter  wound 
with  copper  wire  there  will,  of  course,  still  remain  the  error  due 
to  a  variation  of  the  resistance  of  the  coil  with  temperature;  but 
the  im^xirtant  result  that  has  been  arrived  at  is  that  the  indtca- 
tiona  of  a  magnifying  spring  ammeter  or  volttneter,  ivh«>i  a  given 
civrrent  is  passtvg  through  it,  is  not  alteral  by  age  </>•  by  Da 
ordinary  changes  of  temperature  of  a  room. 

To  further  test  this  latter  point  a  magnifying  spring  ammeter, 
adjusted  so  that  the  needle  stood  exactly  at  zero  when  the  tem- 
perature was  about  15°  C,  was  jilaced  in  a  bath  and  heated  up  to 
40°  C.  for  iive  hours;  but  no  change  in  the  zero  could  be  observed, 
which  would  have  been  the  case  if  the  elasticity  of  the  spring  had 
sensibly  varied,  seeing  that  the  weight  of  the  soft  iron  cylinder 
was  hanging  at  Ihe  end  of  the  spring  all  Ihetime.  We  feel, 
therefore,  quite  safe  in  using  the  magnifying  springs  for  our  new 
type  of  voltmeter. 

We  are  now  engaged  in  devising  various  means  for  compen- 
sating this  new  fonn  of  voltmeter  for  temperatm'e  errors;  but 
before  actually  introducing  these  compensations  into  the  instru- 
ments one  of  our  students — Mr.  Kilgour — has  been  carefully 
measuring  the  exact  coefficient  of  expansion  with  temperature  of 
fine  platinum-silver  wire  under  a  tension  which  is  comparable 
with  its  breaking  tension.  The  compensation  for  the  short-tube 
form  shown  in  Figs.  3  and  4  wCl  probably  in  part  oonaiet  in  the 
device  adopted  by  Captain  Cardew  of  making  the  support  to 
which  the  wires  are  attached  of  a  compound  metal;  while  in  the 
CMC  of  our  bicycle-wKee\  totm  t\i«  tlm.  Ici  '(iUv'iK  tUe  wires  are 
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attached  will  probably  be  made  like  the  btUance-vheel  of  ii 
chronometer  ;  but,  of  course,  the  same  accuracy  of  adjustment  for 
temperature  that  is  necessary  in  a  chronometer  will  be  quite 
ooQecessary  in  the  voltmeter,  as  the  error  is  not  a  cumulative  one 
as  it  is  in  a  chronometer. 

The  following,  we  venture  tfl  think,  are  the  improvementa 
that  we  have  been  led  to  introduce  into  the  Cardew  voltmeter  by 
employing  the  devices  that  we  have  described  : — 

1.  A  small   alternating  potential   difference   can   be   accurately 

measured,  as  the  wire  in  our  instrument  may  be  short, 
and  as  the  readings  can  be  taken  down  to  the  zero  with 
certainty. 

2.  With  the  same   instrument   a   wide   range   of  volts   can   be 

measured,  since  with  many  short  wires  combined  with  a 
commutator  any  number  of  them  can  be  put  in  series ; 
that  is,  any  length  of  wire  can  be  electrically  used. 

3.  Whatever  number  of  volts  is  being  measured,  all  the  wire  is 
directly  active  in  deflecting  the  [jointer,  which  is  not  the 
case  with  an  instrument  provider!  with  an  external 
resistance  for  increasing  the  range, 

4.  The  instrument  is  compact  and  portable. 
Great  dead-bentness  of  action  is  secured  by  the  employment 

of  much  finer  wire  than  has  hitherto  been  commercially 

used,  and  by  the   magnifying  gearing   being  frictionless 

and  comparatively  masstess. 
Non-liability  of  even  such  fine  wire  to  break  from  a  blow,  in 

consequence  of  the  fricUonless  and  comparatively  niassless 

character  of  the  magnifying  gearing  to  which  the  wire  ia 

attached. 
Diminution  in  the  power  wasted  in   the  instrument  by  the 

employment  of  a  short  instead  of  a  long  wire. 


The  Presipent  :  We  have  heard  these  two  papers  read,  and  I  J^noni, 
lall  be  glad  to  hear  any  remarks  upon  them. 

Mr.  J.  E,  H.  Gordon,  B.A. :  It  is  difficult  to  criticise  such  "'.ctorto 
eautiful  instruments  as  Dr.  Fleming  has  devised  for  us;  and  if  I 
aake  any  criticism,  it  must  be  understctod  that  it  is  with  the 
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l^.Qmttm.  felting  of  how  mncfa  we  owe  to  those  who  will  derEse  na  instm- 
ments  for  the  [»Bctical  measoTement  of  volts,  and  how  impoTtanC 
it  is  that  every  little  practical  difficoltj  should  be  eliminated  aa 
fully  and  as  soon  as  possible.  I  propose  to  speak  &om  the  point 
of  view  of  what  is  required  for  the  engiBe-room  voltmeter.  I  am 
not  Epeftking  of  what  is  wanted  for  laboratory  purposes  or  for 
general  testing — these  are  special  reqoirements ;  but  what  we 
want  is  a  voltmeter  that  can  be  placed  on  circnita,  and  can  be  as 
easily  read  as  an  ordinary  ?team  gange.  We  want  saoh  toU- 
meter^,  not  as  a  skilled  electn'cian  or  skilled  workman,  or  even  a 
turly  intelligent  workman,  can  read,  but  such  as  an  engine-driver 
at  30s.  a  week  can  be  trusted  to  attend  to.  If  you  have  a  large 
electric  lighting  (station,  with  diEferent  series  of  circuits  which 
have  to  be  regulated,  you  do  not  want  to  make  it  necessarr  for 
the  man  to  understand  the  theory  of  the  instrument,  but  to  give 
him  a  dozen  or  two  gauges  similar  to  steam  gauges,  and  tell  Mm 
to  treat  them  like  steam  gauges,  except  that  the  marks  on  the 
electrical  gauge  are  called  volts  instead  of  lbs.,  and  he  must  keep 
them  to,  say,  150  volts,  or  divisions;  and  without  knowing  the 
value  of  the  volt  he  will  understand  that  on  turning  the  handle 
to  the  left  his  number  will  go  up,  or  to  the  right  it  will  go  down, 
without  concerning  himself  whether  by  turning  such  handle  he 
putH  in  resistance,  sections  of  wire  or  accumulators.  Something; 
is  wanted  that  is  extremely  simple  and  easily  looked  at.  For 
this  reason  one  or  two  criticisms  occurred  to  me  at  once  on  Dr. 
Fleming's  paper.  The  first  criticism — which  may  seem  a  very 
triBing  one,  but  yet  which  I  think  will  not  be  without  practical 
value— is  that  in  Dr.  Fleming's  instrument  the  dial  must  neces- 
sarily be  horizontaL  You  cannot  get  a  man  to  watch  all  night 
and  attend  to  fifteen  or  twenty  horizontal  dials,  because,  if  he 
dozcR  for  a  minute,  or  sils  down  in  a  chair,  he  does  not  notice 
them,  and  has  to  be  continually  leaning  over  a  table.  But  if  he 
has  them  set  in  a  row  opposite  him  there  is  very  little  excuse  for 
his  mistaking  them,  and  therefore  an  instrument  which  can  be 
placed  vertically  is  much  preferable,  when  managed  by  an  ordinary 
workman,  to  a  dial  which  must  be  placed  horizontally.  To  leave 
that  point  for  a  moment,  there  is  one  small  practical  objection 
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that  I  see  to  Dr.  Fleming's  instrument ;  it  is,  in  fact,  two  objec-  ut.Oordaa. 
tions  in  one.  First  of  all,  the  current  passes  through  the  spring. 
I  made  a  note  at  the  time  Dr.  Fleming  stated  this,  but  he 
afterwards  met  my  objection  to  some  extent  by  showing  that  the 
expansion  of  the  spring  partly  counterbalanced  the  different 
resistances  of  the  coils;  but  still  be  will  have  one-fifteenth  ampere 
going  through — I  think  he  said  1,500  ohms,  and  that  with 
100  volts  gives  one-fifteenth  part  of  an  amp6re.  I  should 
imagine  that  that  would  give  a  very  considerable  current-density 
in  the  spring.  I  do  not  know  what  the  section  of  the  spring  is, 
but  I  imagine  it  must  be  sufficient  to  give  some  hundreds  of 
amperes  per  square  inch,  and  that  has  a  perceptible  wanning 
effect.  I  do  not  profess  to  be  an  expert  in  springs,  but  I  should 
Imagine  that  the  warmth,  in  some  degree,  must  alter  the  tension 
of  that  spring. 

There  is  one  other  point  which  I  would  suggest  for  Dr. 
Fleming's  consideration.  It  is  that  if  by  any  chance  negli- 
gence the  instrument  was  put  away — i.e.,  the  lid  shut  and  the 
fixing  lever  screwed  down  to  lift  the  instrument  from  its  pivot — 
before  the  current  was  taken  off,  a  spark  would  be  got  on  the 
jKiint  and  damage  it;  and  it  seems  to  be  not  difficult  to  make 
a  locking  arrangement  to  make  it  impossible  to  lift  the  coils 
before  the  current  is  broken.  But  no  doubt  Dr.  Fleming  has 
dealt  with  that  small  point. 

Now,  with  regard  to  the  Cardew  voltmeter,  if  the  President 
will  allow  me  to  bring  the  two  papers  together,  as  I  can  hardly 
help  it  in  the  general  question.  It  is  very  delightful  to  see 
moh  a  beautiful  development  of  Captain  Cardew's  principle 
as  Professor  Ayrton  has  shown  us;  but  I  think,  however  much 
we  are  pleased  with  this  development,  we  must  not  forget  what 
wo  owe  to  Captain  Cardew  in  having  first  given  us  the  principle ; 
and  we  must  remember  that  that  was  not  a  mere  theoretical 
principle,  but  an  instrument  in  a  practical  working  form.  My 
own  experience  of  the  Cardew  voltmeter  is  extensive.  For  eleven 
months  I  had  eighteen  instruments  with  the  current  constantly 
on  them,  day  and  night,  never  off  for  a  minute ;  they  stood  in 
the  engine-room  and  guided  the  men  in  regulating  the  different 
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Kr.oorton.  circuitg,  and  they  practk-alljr  worked  perfectly,  bat  tbey  reqnimd 
n  certain  amoant  of  attention.     The  first  ]>olDt  with  them  WM 
that  we   had  to  take  thera   to   pieces  and   remake   them  (the 
workmanship  was  not  up  to  the  principle  of  th«*m) ;  but  we  did 
that  in  our  own  laboratory,  and  that  we  will  pa^  over.    Then, 
in  graduating  them,  we  always  found  it  necessary  to  ke«p  the 
current  on  at  least  two  or  three  days — the  carreot  uukiDg  a 
deflection  about  eijual  to  the   100  volts  or  15<t  volt^   that  we 
wanted — so  that  the  wire  ehould  get  rid  of  any  permanent  set 
or  sag  it  had.     We  did  not  trouble  about  zero — we  did  not  want 
that ;  we  only  wanted  to  know,  aay  in  a  150-voIt  circuit,  when 
it  was  145,  150,  or  155.    Even  in  that  part  of  the  scale  they  were 
never  quite  constant,  and  had  to  be  reset  from  time  to  time.    We 
could    not   interfere   with   the   instrument   as   regards   altering 
the  tension  of  the  wire,  and  I  took  the  liberty  of  taking  off  the 
dials :  I  pivoted  them,  and  arranged  so  that  we  could  turn  the  diil 
about  40°  or  50"  ;  but  we  never  meddled  with  the  wire  or  finger 
at  all,  but  put  it  on  the  eame  circuit  as  a  standard  instrument 
wliich  we  took  great  care  of,  and  then  turned  the  dial  till  the 
150  volta  on  the  dial  came  to  where  the  needle  was,  and  then  the 
iniitrument  was  right  for  the  day.     Our  rule  was  that  all  these 
instruments  were  set  every  morning.     One  instrument  no  one 
touched  ;  we  took  great  pains  with  it  ;  and  tliat  was  tested,  I  think, 
about  once  or  twice  a  month  with  a  Thomson  galvanometer,  s 
condenser,  and  one  of  Mr.  Latimer  Clark's  cells.     That  instru- 
ment was  kept  perfect,  and  was  compared  every  morning  with 
every  instrument :  it  took  about  a  quarter  of  an  hour.     By  that 
plan  we  found  that  tlie  instruments  worked  uniformly  and  the 
lights  were  kept  constant  without  complaint,  which  in  those  days — 
eighteen  months  ago — was  a  very  great  consideration.     I  know  no 
other    instrument    would    have    given    ns    anything   like   such  a 
result.     We  tried  nearly  every  other  kind  of  instrument :  they 
would  work  for  a  week  or  a  month,  but  they  all  went  wrong 
ultimately.     We   tried   many    forms    of   Cardew    voltmeter    to 
increase  the  sensibility.     I  went  to  the  length  of  putting  up  an 
instrument  30  feet  long,  with  a  pulley  and  double  wire,  and  tried 
to  get  double  range  with  an  iron  wire,  hut  it  was  not  in  any  way 


1887.] 


DiscnasroN. 


vn 


W 


practically  successful ;  so  we  went  on  and  were  very  thankful  for  iti.ciijid«i*| 
what  we  got,  and  always  were  hoping  for  a  better  development  of 
the  same  thing,  which  I  think  Profeiisov  AyrLon  has  now  given  ub. 
Naturally,  in  looking  at  new  instruments,  we  have  to  think  of 
tbose  who  have  got  to  use  them  commercially  and  incur 
responsibilities ;  because  we  have  to  take  contracts  to  keep 
our  electro-motive  force  absolutely  constant  within  certain  limits, 
and  it  is  a  very  serious  matter  if  an  instrument  goes  wrong. 
Though  we  are  all  friends  here,  we  are  all  acientitic.  people, 
and  know  the  difficulties ;  yet  it  is  no  use  telling  one's 
co-directors — business  directors— that  there  is  some  technical 
difficulty.  They  say,  "We  know  nothing  about  that;  you  have 
"  got  us  into  trouble  with  our  customers ; "  and  we  have  to  get 
an  instrument  which  is  perfect.  It  seems  to  me  that  Professor 
Ayrton's  instrument  meets  very  nearly  everything,  as  far  as  one 
can  see  on  short  notice  like  this.  There  is  one  very  important 
point  in  it  which  Professor  Ayrton  has  not  mentioned,  and  that  is 
that  it  is  the  only  voltmeter  that  I  have  seen — I  think  not 
excepl  iog  Captain  Cardew's,  but  he  will  correct  me  if  I  am  WTong — 
which  has  no  current  in  the  spring 

Capt-ain  Cardew  :  Not  in  my  present  form. 

Mr.  J.  E.  H.  Gordon  :  I  was  thinking  of  the  instrument  of 
two  years  ago ;  and  if  that  is  so,  there  is  a  possible  source  of  error. 
.Tust  one  point  more.  Professor  Ayrton  has  pointed  out  the 
condition  for  getting  a  uniform  graduation  all  round  the  dials, 
and  a  very  ingenious  condition  it  is  ;  but  that  is  not  always  what 
we  want  in  an  engine-room  voltmeter.  We  do  not  c.ire  a  bit  about 
it  if  it  is  10  or  15  volts  wrong  in  a  low-reading  meter;  but  it  is 
important  in  a  high  reading  to  know  whether  itis  110  or  111 
^olts,  as  an  error  of  one  volt  at  that  reading  is  a  serious  matter. 

I  would  ask  whether  by  increasing  the  sag,  or  any  alteration  of 
it,  we  could  make  an  instrument  more  sensitii'e  at  one  particular 
point — say  at  the  110-volt  point,  or  somewhere  of  (hal  sort.  That 
is  a  question  that  possibly  Professor  Ayrton  may  be  able  to  tell 
us  something  about. 

I  think  that  is  all  I  have  to  say,  except  to  exjiress  the  very 
■eat  interest  that  I,  in  common  with  all  those  who  have  to  ur« 
VOL.  xvj.  40 
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Ifr.Sordgii.  voltmeters  practically  io  considerable  numberg,  must  feel  at  aaob 
a  beautiful  development  of  Captain  Cardew'a  princ;ip]e  &s  Professor 
Ayrton  has  brought  before  us.  Xobody  who  has  not  had  the 
trouble  and  annoyance  of  magnetic  voltmeters  will  know  what  a 
blessing  it  is  to  be  entirely  rid  of  fill  attractions  and  repulsions. 

Capt.  P.  L'ardew,  H.E.  :  So  far  as  I  can  judge,  Dr.  Fleming's 
inatrument  seems  a  very  pretty  arrangement  of  an  electro-djTia- 
mometer.  However,  of  course,  you  will  espett  me  to  know  more 
about  this  particular  instrument  (Professors  Ayrton  and  Perry's), 
I  only  saw  Professors  Ayrton  and  Perry's  very  beautiful  instru- 
ments for  the  first  time  to-day,  and  I  had  not  heard  anything 
about  them  before ;  but  it  is  not  by  any  means  the  first  time  that 
the  idea  of  combining  Professor  Ayrton's  very  pretty  magnifying 
spring  with  my  principle  of  using  the  expansion  of  a  wire  has 
come  into  my  head.  I  have  been  many  times  on  the  point  of 
writing  to  him  about  it,  but  I  never  did  so,  and  I  wns  agreeably 
surprised  to  find  that  he  has  worked  it  out.  Also,  if  I  had  known 
about  it,  I  would  have  brought  up  an  experimental  instrument 
which  I  have  which  is  something  the  same  thing  as  this.  It  has 
the  wire  pulled  in  the  middle,  but,  as  Professor  Ayrton  remarked, 
it  of  course  has  not  got  the  spring,  and  it  simply  was  read  by 
means  of  a  lens,  the  motion  of  the  wire  being  read  against  a 
photographically-divided  scale,  I  have  not  made  much  use  of  it, 
but  the  idea  was  that  of  pulling  the  wire  in  the  middle,  and 
thereby  getting  for  a  certain  exjiansion  of  the  wire  a  very  much 
greater  motion  than  you  do  by  pulling  at  the  end.  It  was  suggested 
by  Dr.  Muirhead  several  years  ago.  The  drawback  to  using  it 
then  was  that  you  got  the  increase  of  motion  at  the  espense  of 
putting  very  much  more  stress  on  the  wire,  i.e.,  if  you  use  any- 
thing like  the  same  spring  to  pull  with.  Xow,  of  course,  that  we 
have  got  this  spring  to  work  on  it  we  can^use  a  very  small  pull, 
and  have  enough  power  to  move  our  needle,  i.e.,  to  move  a  needle ; 
but  these  needles  are  not  really  what  I  should  call  needles  for 
working  voltmetera  such  as  Sir.  Gordon  spoke  about. 

I  have  had  some  experience  in  the  practical  working  of 
voltmeters  in  the  very  same  way  that  Mr.  Gordon  has  been 
Qsing  them,  i.e.,  putting  them  up  for  an  engine-driver  to  work 
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Hith ;  ftnd  we  not  only  do  that  with  fixed  engines,  bnt  with  c»pi. 
aU  our  portable  enginea.  We  take  out  a  traction  engine,  and 
(he  man  takea  hia  voltmeter  along  with  him.  He  sticks  It  up, 
and  has  until  lately  ahvays  ptuck  it  on  the  engine  itself;  but 
we  thought  that  incurred  too  much  vibration,  and  we  gave  him 
a  stick  to  put  it  up  alongside.     That  is  always  good  enough  for 

,  and  we  hardly  break  any  lamps. 

Tlie  old  i)attern  of  my  instrument  Iiiid  many  defects,  and,  in 
particular,  the  wooden  box,  which  I  suspect  has  been  the  cause 
of  error  in  Mr.  Gordon's  instruments,  which  I  know  had  wooden 

fxes.     I  do  not  know  whether  they  still  have. 
Mr.  J.  E.  H.  y-oRDON :  I  believe  they  have. 
Captain  P.  Cardew,  K.E.  :   It  has  been  rather  a  source  of 
error. 

Mr.  J.  E.  H.  Gordon  :  I  put  brass  frames  inside  the  wooden 
bos  after  I  got  thaijistrupient.  ..,     ...  > 

^mt  Captain  P.  Cardew  :  It  was  really  my  fault  that  such  instruments 
wf-re  supplied,  because  I  did  not  think  enough  about  the  details. 
The  whole  of  the  mechanism  was  fixed  on  to  a  piece  of  wood, 
and  naturally  it  coutd  not  be  expected  that  the  gear  could  work 
very  well.  I  may  certainty  say  that  since  Mr.  Goolden  took  the 
voltmeters  in  hand  they  have  improved  very  much.  The  greatest 
care  has  been  paid  t-o  the  manufacture  of  thera.  This  (Professor 
Ayrtoa's)  form  i&  certainly  portable,  but  as  it  stands  at  present 
it  possesses  the  disadvantage  that  Mr.  Gordon  pointed  out,  of  a 
horizontal  face,  and  so  an  engine-driver  cannot  bo  easily  see  it. 
Professor  Ayrton  baa  boldly  gone  in  for  the  use  of  the  fine  wire. 
That  was  what  we  used  as  a  safety  fuse,  bnt  it  was  a  great  deal 
smaller  than  the  wire  in  these  oId-j>attem  instruments.  He  has 
been  able  to  use  it  because  he  has  got  a  spring  which  will  give 
him  the  motion  with  scarcely  any  pull  at  all.  This  spring  can 
move  such  a  little  needle  as  that,  and  does  move  it,  very  quickly. 
The  finer  the  wire  the  more  instantaneous  is  the  exiiansion  and 
contraction,  and  therefore  it  is  chiefly  from  the  use  of  the  thinner 
wire  tliftt  Professor  Ayrtou  gets  the  rapid  motion  ;  and  to  a  small 
extent  also  it  is  owing  to  having  done  away  with  any  gearing. 
he  instruments  are  very  beautiful.     Professor  Ayrton   showed 
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them  to  me  before  the  meeting.  This  bicycle-wheel  form 
will  be  very  much  improved  when  it  is  brought  out.  There 
is  n  good  deal  too  much  mass  here,  but  there  is  a  very  iugenions 
iflea  in  it .  One  point  haa  occtirred  to  me,  and  that  is  the  question 
of  compensation.  You  know  the  wire  has  to  be  enclosed  ins 
tube,  or  aometliing  equivalent  to  a  tube,  of  such  niet«l  that  no 
variatiou  of  estemal  temperature  will  cause  the  zero  to  rary. 
If  you  use  an  iron  tube  and  put  &  silver  wire  in  it,  stretch  it,  and 
put  nn  index  at  the  end,  of  course  when  the  weather  is  hot  the 
zero  must  alter,  because  the  silver  will  expand  much  more  than 
the  iron.  I  think  there  may  be  some  difficulty  in  arranging  for 
this,  and  I  do  not  know  whether  Professor  Ayrton  has  quite 
thought  that  out  as  yet,  because  the  instrument  haa  not  come 
forward  conimercially. 

Another  point,  jjerhaps,  is  as  regards  the  question  of  radiation, 
and  of  the  tinal  temperature  which  will  be  arrived  at  when  the 
current  has  been  kept  on  for  a  long  time;  that,  again,  is  made 
easier  by  the  use  of  this  fine  wire.  Of  course  we  cannot  have  the 
thing  getting  red-hot,  and  there  must  be  a  certain  surface  to 
radiate  off  the  heat.  I  do  not  know  whether  this  question  of 
surface  has  been  thought  out.  There  seems  sufficient  surface  in 
this  instrument,  but  Professor  Ayrton  talks  of  putting  very  high 
voltage  on  to  a  comparatively  small  surface  of  metal.  However 
the  wire  is  amingerl,  if  you  have  so  many — say  200— volts  with  a 
certain  current,  you  have  a  certain  amount  of  heat  given  off,  and 
that  must  finally  come  out  through  the  metal  surface,  and  it  is 
very  important  that  that  should  not  get  too  hot. 

Perhaps,  as  I  have  not  yet  described  the  voltmeter  referred 
to  here,  I  may  be  allowed  to  show  on  the  board  a  standard  form 
which  anyone  can  make  for  himself.     l_Procefda  to  do  so.'] 

Mr.  Frank  Nalder  asked  if  Dr.  Fleming  had  experienced  any 
deleterious  elfect  due  to  the  action  of  the  current  at  the  point. 
His  experience  with  iridium  showed  that  points  of  that  material 
wore  away  very  rapidly  indeed. 

Mr.  W.  H.  Preece;  Might  I  suggest,  Sir,  as  this  subject  is 
one  that  is  very  interesting  to  a  great  many  gentlemen,  who  may 
have  something  to  say  upon  it,  and  questions  to  ask,  that  the 


BT.] 


DISCUSSION. 


fiTT 


SL-assioQ  be  adjourned  until  Thursday  evening  next,  when  they  jtr.  Fmo 
would  have  a  better  opportunity  of  speaking  than  presents  itself 

Kt  thiF  late  hour? 
The  motion,  having  been  seconded,  was  agreed  to  nfvi.  con. 
Professor  W.  E.  Ayktos  :  Might  I  be  allowed  to  make  one  pntMur 
enmrk,  and  one  only,  to  remove  the  misconception  which  seems 
lohave  aiisen  from  all  the  specimens  of  ournew  voltmeter  having 
been  jilaced  on  the  tables  with  their  dials  horizontal  ?     It  is  quite 
true,  as  Air.  Gordon  has  said,  that  an  engine-driver  cannot  be 
expected  to  keep  awake  all  night  looking  at  a  number  of  instruments 
which  miist  be  used  with  their  dials  in  a  horizonlal  position,  bnt 
our  instrument  can  be  used  equally  welt  vertically  or  horizontally. 
^H      The  Presidknt:  We  will  now  adioum  the  discussion  until  tu» 

1^^  •'  PrMldenl. 

Thursday  evening  next,  when  an  Extraordinary  General  Meeting 
tWill  be  held  for  the  purpose. 

A  ballot  took  place,  at  which  the  following  candidates  were 

lected: — 

Me-iuberB : 

Albert  Murray  Cross,  |     Frederick  Kinsman. 

ABSoclates: 


H.  Alabaster. 
William  Andrews. 
Henry  Bamawall  Bristow. 
Frederick  Brown. 
Walter  Douglas  Campbell. 
James  Coverdale. 
Thomas  T.  Draper. 
Henry  Stephenson  Edgar. 
John  Davidson  Gillan. 
Thomas  Green. 
William  Penn  Hamilton. 


F.  A.  K.  Hounsell. 
Edward  Hume  In  nee. 

Henry  Walter  Jenvey. 
David  Herbert  Keeley. 
Henry  Byron  Moore. 
Arthur  John  Morris. 
William  Noble. 

G.  F.  L.  Preston. 
John  Wright. 
Julian  E,  Young. 


Students  : 


John  Kempe  Brydges. 

Iwsrd  Gimingham. 
Edward  Alfred  Horton. 


Ernest  Bertram  Hutchin&on. 
Victor  Zingler. 


The  meeting  then  adjourned. 
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ON    THE    SUPERIOJUTV    OK    THE    "EARTH-O^TiKLAP" 

I  METHOD  I.\  LOCALISINa  SMALL  FAULTS  IX  SUB- 
MARINE CABLES  WHEN  NO  LOOP  IS  AVAILABLE, 
AS  EVIDENCED  BY  RECENT  PRACTICAL  RESULTS 
WITH  A  FAULT  OF  40,00U  OHMS  IN  A  CABLE  OF 
1,14(1  OILMS  CONDUCTOR  RESISTANCE. 
By  A,  E.  Ke-NSKLLY,  Associate. 
The  earth-overlap  methtKl  of  ^Ir.  James  Andersoii  for  localising 
a  fault  in  h  single  cable,  first  jiublished  by  us  in  T}ie  Electrician 
of  July  17th,  1885  (vol.  15,  page  177),  consists  of  adding  resistance 
to  the  cable  at  the  end  nearer  the  fault  until  the  latter  is  brought 
midway  in  resistance  between  the  stations,  as  is  proved  by  tinding 
the  same  resistance  observed  from  each  end  wheu  the  distant 
station  earths.  The  resistance  then  in  circuit  with  the  cable 
represents  the  added  resistance  of  the  Varley  loop  test. 

In  the  following  case  a  fault  of  not  less  than  4U,OU0tj  resistance 
was  iocaliaed  within  75w  by  tests  between  ship  and  shore  some 
1,140(0  apart.  Under  the  circumstances  no  other  known  method 
would  have  succeeded  in  assigning  the  fault's  position  with  any 
such  accuracy. 

This  fault  was  first  discovered  last  April  in  the  Lisbon-Gibraltar 
cable,  on  the  occasion  of  the  repairing  ship's  raising  and  cutting 
into  the  cable,  about  100  knots  from  Lisbon,  while  engaged  on 
other  operations  with  it.  Finding  the  insulation  of  the  seo- 
tion  between  the  ship  and  Lisbon  to  be  100,000(ii,  twelve  knots 
of  cable  were  sphced  on  Iward  to  that  section  in  order  to  pay  out 
to  the  buoyed  (iibraltar  end  and  restore  communication  through 
the  line,  so  that  the  ship's  testing-room  and  the  Lisbon  cable- 
house  were  separated  by  about  1 12  knots  of  cable,  whose  conductor 
resistance  was  measured  and  known  to  be  l,142eo  within  a  limit 
of  0*5»  possible  error. 

After  the  joint  between  the  sea  end  and  the  ship's  cable  was 
complete,  the  following  were  the  tests  taken  at  each  end,  ato'sva'^ 
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I  of  thp  cab]p.     The  measiiremeiita  mie 
bridge  to  "  false  zero."     For  the  poipoee  of 


Easaremeiit  at  Lubon  when  free  at  ebip  is  denoted  by/. 
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The  Blavier  results  from  these  figiirea  are — 
Shore's  lat  teat  {/  -  n,000«.  e  -  l.iaSu,,  I  -  I,U2b.)  =    35o,  troin  eliore, 
Shore's  Sod  test  (/-  42,000gj,  e  -  1,I40«,  1  -  IM-")  =  85J«        ,, 
Ship's  test      ...(/-13,(K»io,  «  -  I,ia9w.  I  -  ].M3«J  -'S&Tyi        „ 
Mean  Stnvier  distance  oi  faalt  from  shore  ...  4ir>a> 

The  variatioti  in  the  Blavier  distances  here  amounted  to  819iu, 
but  it  waa  evident  from  inspection  of  the  readings  that  the  fault 
was  much  nearer  shore  than  ship.  Accordingly,  in  taking  the 
first  earth -overlap  test,  shore  added  a  trial  resistance  of  IjSOOw  to 
his  end  of  the  cable. 
|H  Ship  and  shore  now  measured  and  earthed  for  30  eeconda 
alternately,  the  measurements  being  made  at  each  end  with  the 
same  battery  power  (30  Leclanches),  bridge  ratio  yooo>  ^°*i  du'ec- 
tion  of  current  to  line,  with  the  following  results : — 
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^h     The    disparity   between    ship's    and    shore's    readings    here 
amounting  to  about  41(d,  showed  that  l,300iu  was  much  too  great 
I   ,to  effect  balance. 

^"      In   the   accompanying  figure,  ABC   represents   the   cable 
between  shore  and  ship  of  resistance  1,142«  (*  +  y),  with  a  fault 
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at  B  of  40,000w  (s).    The  method  consists  in  adjusting  p  at  A 
.until 

ip  +  X  +   7/s  I  _   (2/  +  g  (P  +  ■•g)l   =  0  (I) 

X  i/  +  :)         I         p  +  x  +  s  S  -     W 


su 


ORIGINAL  COMMUNICATION. 


If  we  represent  the  left-hand  member  of  this  equation  by  tt,  ani 
differentiiUe  with  respect  to  p,  we  have 

P=\-  (^ Y         (2) 

dp  \p  +  X  +  z/ 

and  since  p  +  x  =  y  when  li  =  0  we  have,  approximately, 

,      y  s 

rfji  _^      y  +  z  (3) 

d  p 


I 


y  +  ^ 

so  that  if  A  It  be  a  Bmall  dis^jarity  of  readings  between  A  and  C, 
and  A  p  the  conBeqnent  change  that  must  be  made  in  p  to  effect 
balance,  we  have,  approximately, 

A  p  =  ^^(y  +  ==) 
y  +  "~ 


yz 


(4) 

In  the  case  above  A  u  =  41*250),  while  y  and  z  might  be 

assumed  at  l,000w  and  40,000(o  respectively.     With  these  values, 

A     =  ^1'25  X  41,000 
^  1,000  +  976 

=  8oott). 

The  reduction  lo  be  made  in  p  was  thna  roughly  S55a),  or  from 

1,300  to  445<d.     Accordingly,  in  the  next  trial  the  added  resistance 

at  Lisbon  was  made  500a),  and  the  following  results  were  then 

obtained  :— 
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The  agreement  between  the  ship's  and  shore's  readings  waa 
here  very  close,  and  the  added  resistance  at  the  Lisbon  end  (500iu) 
was  now  accepted  as  balance,  especially  as,  the  Gibraltar  buoyed 
end  being  at  this  time  on  board,  testing  had  to  he  discontinued. 
Some  time  later,  however,  just  before  making  the  final  sphce,  the 
insulation  of  Ihe  cable  between  the  ship  and  Lisbon  was  observed 
by  bridge  at  8.38  p.m.,  with  15  volts  Z  and  C  VooV,  to  be  80,000o> 
roughly. 
I      The  distance  of  the  fault  from  Lisbon  cable-house  was  there- 

fore  assumed  to  be  ^r— —  =    321m 


i 


The  actual  distance  of  this   fault   was   found   by  the 
repairing  ship  removing  it  on  the  1st  October  last 


to  be 


Error  of  above  localisation 


246-6(u 


74-4o 


The  theoretical  limit  of  accuracy  of  the  method  in  this  case  is 
given  by  equation  (4);  for  supposing  the  resistance  of  the  fault 
constant,  and  the  readings  to  be  carried  out  correctly  to  the  limit 
of  one  ohm,  their  difference  it  could  be  made  less  than  one 
ohm.  If  we  make  'j  1,142  —  247  =  SOOoi  ai)proximate]y,  and 
assume  z  to  have  been  40,000<,.,  and  the  lowest  obsen'ed  value 
was  42,000(u,  we  have  by  equation  (4) 

_  .  40,900  „„ 

'^       900  +  880 

so  that  the  localisation  could  have  been  theoretically  carried  out 

23 
under  these  circumstances  to  -.,-   =  11  "ow. 

Tlie  errors  of  measurement,  variation  of  the  fault,  and  incom- 
pleteness of  balance,  increased  this  limit  to  nearly  75w. 
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ABSTRACTS. 


C.  VBBirOH'  BOTS— THE  RiDIO  MICEOMETEB. 
(Pr'icsidiiuji  n/  Ihii  fiovi!  Society,  2ith  Harch,  1887.) 

This  inatrnment  is  an  eitremely  delicate  form  of  thermopile,  confistiog 
of  a  square  frame  made  of  oue  luru  of  one  square  ceDlimMire,  of  wliich  three 
Bidet  are  thin  copper  wire-,  and  tbc  fourtli  it  a  compijund  bar  of  antimony  and 
biuQutti,  each  piece  being  ^  i  S  ■  ^  mm.,  soldered  edge  to  edge.  Tb.ifl  frame 
it  Bopported  by  a  thin  rod  to  wliitii  is  fialened  a  mirror,  and  t!ie  whole  ii  hung 
byatortion  fibre,  bo  that  the  frame  is  in  the  field  prodnced  by  a  powerful 
magnet  with  iQitable  pole-piecet.  When  radiant  energy  falls  on  the  centre  of 
the  bar  the  frame  it  deSected,  and  the  amouut  of  the  deflection  meaflures  the 
energy.  Adopting  suitnble  dimensions  and  using  a  very  Btrong  field,  an  instm- 
raent  may  be  made  capable  of  showing  a  cbnnge  of  temperature  of  the  junction 
of  one  tlioasand-roillioath  of  a  de^^ree  oflieat. 


Dr.  C.  ALDXK  WRiaHT— DEVELOPMENT  OP  VOLTAIC 

ELEOTRICITi"  BT  ATMOSPHEEID  OXIDATION. 


(Pn>e«edinga  o/tlie  Soyai  Society,  3I(t  March,  I8S7.) 
Wlien  a  plate  of  copper  is  immersed  in  RmmoniB  solution,  Che  oxygen  o 
the  air  is  gradually  dissolved  in  the  totution  and  finds  its  vraj  to  the  copper 
plate,  with  which  it  unites,  the  liquid  becoming  blue.  This  action  may  be 
considerably  accelerated  1)y  the  use  of  what  the  author  calls  an  ai'ratioa  plate, 
the  arrangemeut  constituting  really  a  galvanic  cell.  The  copper  plate  it 
entirely  immersed  in  the  ammonia  solution,  and  is  connected  by  a  wire  to  a 
plate  of  platinum  or  to  a  layer  of  spongy  platinum,  which  is  on  the  surface  of 
the  liquid.  The  platinum  condenses  the  gases  of  the  atmosphere,  and  from  its 
nrfaoe  the  oiygen  makes  its  way  to  the  copper,  a  cnrrent  being  set  up  in  the 
circtiit.  With  spongy  platinum  and  a  rather  ooncentrat«d  ammoniacal  totu- 
tion  the  E.M.F,  of  the  couple  was  found  to  be  0*8  volt.  Experiments  are  in 
progress  on  other  metals  which  may  be  tabstituled  for  the  platinom. 


I 


Pwfewor  J.  A.  EWIK»— MAGNETISATION  OF  IRON  IN  BTRONG 

FIELDS. 

(Fraesedinjs  of  tha  UnyaX  Bodtti/,  2Uh  JIaivh,  1887.) 
In  experimenting  on  the  intensity  of  magnetism  in  iron  it  has  been  usual 
to  employ  the  field  produced  by  the  direct  action  of  asolenoidal  current,  whicl, 
9wever,  can  tcarcel^^  exceed  a  ivn  to^fede  at  O.QS.  units.     Much  more 
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inUiH  field!  m»y  be  produced  in  the  space  betw«en  the  pole-jdeoeB  of  a.  strong 
electrO'imigDet,  and  sach  were  made  use  of  in  the  experiment!)  bobbins  of  a 
particular  shape  ol  Lowmoor  and  Swedish  wrought  iron  anil  cast  iron  baag 
introduced  between  the  pole-piccee.  The  magnetic  force  within  the  metal 
differs  from  the  Beld  in  the  enrrounding  space  by  an  amount  which  cBimot  he 
estimated  without  a  knowledge  of  the  distribution  of  tree  magnetism  on  the 
pole-pieces  nod  conical  facea  of  the  liobbin.  It  appears  probable  that,  with  the 
dimensions  of  the  various  parts  naed  in  the  experiments,  the  magnetic  force 
within  the  metal  is  less,  but  not  very  greaUy  less,  than  tbe  oatnde  and  closely 
neighbouring  Held.  In  the  absence  of  any  eixact  knowledge  of  the  magnetio 
force  within  the  metal,  it  is  interesting  to  examine  the  relation  of  the  induction 
to  the  outside  Geld.  Thus  the  diSerence  between  tbe  induction  and  the  out- 
side field,  dirided  by  4  t,  gives  a  ([aantity  which  is  pri.>babl j  not  much  less 
than  the  intensity  of  magnetism.  The  experimeata  giTe  no  support  to  the 
suggestion  that  there  is  a  maximum  of  induction.  Larger  Held  magnets,  with 
pole-pieces  tapering  to  a  narrow  neck,  should  give  still  higher  induction  than 
hai  yet  been  obtained. 
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B.C.  HIMINOTOIT— MODIFICATION  OP  A  METHOD  OF  MAXWELL'S 

FOB  MEASDRING  THE   COEFFICIENT   OP   BBLF-INDUCTION. 


(Phil.  Uag.,  7ol.  ai,  No.  US,  July,  1867.  Pi>-  M-Oli.) 


In  Maxwell's  method  (vol.  ii.,  sec.  778)  the  resistance  D  possessing  selt- 
indnction  L  is  placed  in  one  arm  of  a  Wbeatatone  bridge,  and  a  condenser  in 
parallel  with  the  resistance  B  in  tlie  opposite  arm  ;  the  other  two  sides  (A  0) 
of  the  quadrilateral  are  ordinary  comparison  resistances.  There  is  a  key 
in  hotli  the  galvanometer  and  battery  circuit*.  An  ordinal;  balance  is 
obtained,  pnttiuj;  on  the  battery  before  depressing  the  galvanometer  key. 
Then  B  and  D  are  adjusted  until  no  throw  of  the  galvanometer  needle 
occurs  when  the  galvanomeler  key  is  depressed  before  the  battery  is  put 
on.  In  this  way  a  double  adjuBtment,  which  can  only  be  attained  by 
several  coosecutive  trials,  has  to  be  made.    Then  L  ~  E  B  D, 

The  modilication  conaagts  in  attaching  the  condenser,  not  to  the  terminali 
of  the  resistance  B,  but  to  two  sliders  on  that  resistance.  A  permanent 
balance  having  been  obtained,  the  sliders  are  adjusted  until  there  is  also  a 
balance  when  the  galvanometer  circuit  is  clOMd  first.    If  r  is  the  resistance 


between  the  sliders,  L  —  E  r'  g- 


A  revolving  commutator  may  be  introduced 


into  both  the  battery  and  galvanometer  circuits,  which,  by  its  revolution, 
pnts  on  the  battery,  the  galvanometer  circuit  being  closed,  breaks  Ihe 
latter  or  short-circuits  the  galvanometer  and  then  breaks  the  battery  circuit. 
Afterwards  closing  tbe  galvanometer  circnil.  Under  proper  oODditions  a 
.  lelephone  may  be  nsed  in  place  of  a  galvanometer. 


ABSTBACTS. 

JAJSBS  SWUTBITHKE— PBOFESSOB  IJABET  POSTER'S  METHOD  OT 
MEASlIilSi.    THE  SICTUAL   IKDCCTIOS   OF  TWO  COILB, 

(Pha.  Mag.,  rrf.  H  We.  146.  /«Iv,  1887,  VP-  85-^.) 

The  arrwigeineiit  «u  made  in  order  to  dispense  witb  the  ose  of  u 
bsllittic  gmlv&noDieter  in  toting  the  indocticm  through  anj  part  of  n 
djDsmo.  The  prinuTT  circuit  wai  led  Ibrmigh  «ii  electro-iDagiiet,  repn- 
tenting  the  dynamo,  and  through  one  wire  ol  a  donble'Voand  coil,  whicli 
represented  a  pair  of  coils  ol  known  mutual  induction.  This  coil  •mm 
■hnnted  by  a  wire  with  iliding  contact*.  This  circuit  wa»  made  or  broken 
by  a  Bwitch.  A  pilot  wire  round  tlie  model  etectro-magnel  whj  connected 
ID  seriea  with  the  secondary  of  the  doable- ironnd  coil  and  with  nn  ordinary 
reflecling  galvanometer,  which  was  snbseqnently  replaced  by  a  galrwiometcr 
with  a  iieavy  ballistic  needle  in  order  tu  avoid  irregularities  in  the  detlectiont 
of  the  ordinary  galvanometer. 


FrofewMT  C.  HrvXK— SOME  ItlETHODS  OF  DETEBHIMINO  AND 
COMPARING  COEFFICIENTS  OF  8ELF-ISDDCTI0N  AND 
MUTDAL  INDOCTION. 

(Phit.  Untr.,  7oi.  St,  So.  14B,  Scfl.,  133T,  pp.  SSS-SB.) 

In  the  tollnwing  noleg  on  llie  Beverul  methods  witb  the  Wbeatttcme 
bridgp, 'be  several  ndesof  the  quadrilateral  are  named  as  folluws:  the  upper 
tides  A  D,  D  C,  the  lower  sides  A  B,  B  C;  tbe  galvanometer  is  between 
D  and  B,  the  battery  between  A  and  C. 

1,  To  tttlanco  ihe  CBrrent  of  setJ-indttHiim  by  a  eandfiu»r. — The  leaiatailM 
will)  lelf-ind action  ie  placed  in  the  arm  A  V;  one  terminal  of  a  condenser 
ia  joined  to  A,  the  other  to  a  slider  (Pi  on  A  D.  Suppose  the  retiitances  of  A  B, 
B  C,  0  D,  D  A,  A  P  to  be  0,  6,  d,  r,  E ;  that  of  the  battery  B,  of  the 
galvanometer  0 ;  L  the  self-induction  ;  C  tbe  capacity  of  the  condenser:  then 
the  ecjualjon  fur  the  current  in  the  galvanometer  branch  is 

E  f  0  R'  -  Ll  a  6 

**  "  (B  (o  +  e}  +  e  (a  +  6)}  {(a  +  c)  ^  +  C»  +  *)  0( 
It  V  I  'I,  L  >  C  K'.     If  tliiB  should  involve  tbe  use  of  inconveniently  high 
resiitancea  for  B,  we  mnj  diminish  tbe  effect  of  L  by  ebunting  B,,  the  coil 
itself,  hj  a  resistance  B. 

Then  the  equation  for  the  golvanometer  current  becomes 


EJCB.-I.(^^)n.6 


18(1  +  c)  +  c  (a   t  6)1  ICa  +  c)i  +  (a  +  i)GI 
this  remarkable  prupogition  that  the  effect  ot  a  shunt  on  the  self-induction 
of  a  coil  is  to  diminiih  it  in  the  ratio 

s':(B,  +By, 

is  of  great  use  In  comparing  two  coils  with  eiich  other. 

i,  Inttead  ot  pUcing  the  condvnter  in  ^nrallel  with  the  restitsnce  having 
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sell-iodQClioQ,  it  may  be  placed  in  B  C.    Uping  the  same  iyaibol*,  Ibe  current 
in  the  gulyanometer  circuit  becomes 


m 


^  E  (0  R'  <  ~  L  t) 

"  6A 


■r 


where  &  it  the  same  denominiitor  bh  aboTe.    When  y  —  o,  0  K'  e  —  L  6  -  o. 

3.  To  oimpare  iao  oi^ffKianii  of  icl/-indaciiim. — Tlic  Ci.'il  L,  whose  reBigfanca 
is  E|,  i»  placed  in  the  arm  A  D,  and  a  balance  for  steady  cnrrKCts  isobiained 
by  resistaacei  r,  in  A  B,  6  iu  B  C,  c  in  0  D.  The  second  coil  N,  whose  resist- 
ance ia  r,,  is  then  placed  in  series  with  r,  in  A  B,  and  i>  balanced  by  putting 

It,  in  series  with  B,  in  A  D.    The  conditions  for  this  are  ti  „   ^  „  .,    The 

point  of  junction  of  R,  and  R^  being  called  P,  and  of  r^  and  r,  Q,  and  Ihe 
above  conilitions  being  fulfilled,  no  steady  current  aliviuld  puss  through  the 
galvanometer,  whether  P  and  Q  are  connected  by  a  wire  or  nol.  If  the  second 
adjustment  should  throw  the  flrat  slightly  out,  the  right  position  uf  Q,  P  being 
kept  flied,  may  be  easily  got  by  making  the  drat  part  of  r,  and  the  last  p^rt  of 
r,  parts  of  the  same  wire,  along  which  there  may  be  a  aliiliug  contact.  It  is 
also  deuirable  in  most  cases  to  interpolate  a  resistance  into  B,  besides  that  uf 
the  coil  itEclf.  A  resistance  S  is  then  placed  in  P  Q  till  ito  kick  is  given  on 
.king  contact.    The  condition  of  no  current  is 

S 


Nd  -  L6- 


K,  +  8 

S 


I 


If  b  ^(i,  and  therefore  fj  —  R,, 

b  «-^    ar.>S 

'  *.  To  coinpara  tht  eoeJJicUnt  of  tnirfuaZ  indueltun  ^  lie;  reili  Kith  the  co- 
effieiml  of  telj.induidiua  qf  a  third. — One  ot  the  colls  of  the]  pair  ia  placed  in_lbe 
buttery  circuit,  and  the  other  is  conneutcdd  to  B  D  as  a  shunt  to  Ihe  galvan- 
ometer. The  resistunce  of  this  part  ia  K  ;  that  oE  thu  other  part  la  Included  ia 
the  battery.  The  ihird  coil  i^  placed  in  A  D. 
From  the  equation  for  the  current. 


we  have 


E    I  «  M  (fc^---  "^^    _  T.  ..  I 
f  (a  +  e  +  U)  6  +  o  O  A  +  *-^)  I    I B  {t  +  d)  +  i  (n  +  6j  I 


B 


5.  T«  Mpftii  d  cor-.fl£Nmt  of  tnutual   indndion   in  tarmi  of  ths  capKity  qf  a 
eottdenttr. — In   place  of   the    third  coil   with   eclf-iniluction,  we  may  use   i 
condenser  in  the  arm  A  B  in  parallel  with  a  resialauoe  X.    Then 
o  M  fc  +  i'  -  C  X-  H  6*. 

The  differenlial  golvanometer  may  replace  the  Wlieatstune  bridge  in  any 
ot  these  methods,  hut  the  arcangemente  would  not  he  clear  without  diagrams. 
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Sn  ABSTBACTB. 

LZDEBOER— MEASDIIEMENT   OF   COEFFICIENT   OP 

SELF-INDUOTIOS. 

(Joumol  de  Phytiquc,  ToL  6,  July,  1B87,  pp.  330-39.) 

There  are  many  diSicultied  in  the  way  of  making  practical  ateasare. 
menta  of  the  Seld  of  a  ilynamo.  Tha  coefficient  of  Belf-inductlon,  however, 
fnmisbeB  a  means;  for  in  a  lyslem  consisting  of  coils  containing  soft  iron 
wire  ihe  flow  of  indaction  coincides  witli  the  flow  of  magnetic  fuTce.  Bat 
the  flow  of  force  is  the  product  of  the  atfBngth  of  the  magnetic  field  by  its 
area  while  the  flow  of  induction  U  equal  lo  tlie  product  of  the  coefficient 
of  ielf-lnduction  by  the  current.  It  follows  that  this  latter  product  ia 
proportional  to  the  strength  of  the  magnetic  field. 

An  account  of  the  experiments  undertaken,  chiefly  in  conoeclion  with 
a  Orammc  dynamo,  lo  verify  thi^  view  of  the  proportionality  above 
mentioned  i  but  they  would  acurcely  he  intelligible  without  the  aumeroai 
curves  of  reitilts  to  which  freqtii^nt  reference  ia  made. 


A.  LBDUC— HEAT   CONDUOTIVITT   OF  BISMUTH   IN  A  MAGNETIC 
FIELD,  AND   DEVIATION   OP   THE   ISOTHERMAL  LINES. 

(Joumol  de  Phytiq^te,  Tol.  li,  Aug.,  1887,  n>.   378-83.) 

One  end  of  a  bar  of  bismuth,  enclosed  in  a  glasa  lube,  passes  into  a  steam 
hath;  the  bar  can  he  placed  in  u  strong  magnetic  field  by  exciting  an 
eleetro-magnet  between  the  pules  of  wMcli  it  lies.  Three  platinum  wires 
penetrate  t^mugli  the  gtaan  tube  inh)  the  bismuth  bar,  and  by  concecling 
either  pair  of  these  wires  to  a  low- resistance  gslvauometer  the  differencs 
of  potentiiil  of  the  thermo-electric  couples  thua  formed  can  be  measured,  and 
hence  the  difference  of  temperature  at  the  junctions,  which  is  proportional 
to  the  tUffetence  of  potential  between  either  pair  of  wires. 

The  experiments  show  that  this  diCTurence  of  temperature  increases  wbva 
the  electro-magnet  is  excited,  or,  in  other  words,  the  oonductivily  of  the 
hiimuth  is  decreased.  -Bimilar  experiments  with  one  thermo-electric  couple, 
which  could  bo  applied  at  any  point  ou  a  bar  of  bismuth,  have  shown  that 
the  temperature  at  any  point  ia  altered  on  exciting  the  electro-magnet, 
and  that  the  isotherm:!  1  liuei  arc  deflected  in  the  same  direction  as  the 
equipotential  lines  would  he  if  the  heal,  current  were  replaced  by  an  electric 
current. 


C.  L.  WEBER— CONDOCTIVITY  OP  AMALGAMS. 

f_Amalm  ier  Phynk  und  ChewU,  Val.  31,  Ft.  2,  No.  6,  18ST,  h>.  213-50.) 

In  former  researches  the  experiments  were  made  on  cold  Hmalgams,uid 
coniequentty  it  was  difflcult  to  determine  ILe  conductivity,  as  parts  of  the 
masi  might  be  more  fluid  than  others,  and  the  mercury  might  not  he  erenlf 
distributed  so  as  to  produce  a.  homiigeoeous  amalgnm.  By  experimenting  ou 
amalgamt  heated  to  about  260^  C.,  it  waa  iitvtam  that  they  were  entirely 
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flaid  aDd  qaite'homogenaiu.  Tha  amaigams  were  contained  in  \}  tubea, 
provided  with  iron  electradei.  The  resistances  were  mecuured  on  a. 
WheaUtone  I  bridge.  The  following  amalgums  were  tested:  tin,  biimnth, 
lead,  and  cadminm.  The  first  point  to  be  remarked  ii  that  the  condnctiTity 
of  tha  amalgam,  is  not  eqaal  to  tUu  mean  conductivity  of  ihi  two  components. 
la  all  ttiur  amalgams  the  reiislunce  deareas«i  rapidly  so  i<'Dg  as  only  a  few 
per  ceal,  of  the  metal  are  added  to  the  raerenrj-.  In  the  cane  of  tin  and 
oadmiom  this  decrease  of  resistanca  continucE,  though  its  curve  becomes 
flatter,  and  the  decrease  seemt  to  be  proportional  to  the  Increase  in  the 
percentage  composition  of  the  amalgam.  In  the  cate  of  lead  and  biimuth, 
on  the  other  hand,  after  the  first  rapid  decrease  of  reaiEtanue,  there  is  an 
inorease,  and  the  curve  lises  slowly  to  a  maximnm,  lo  fall  again  very  slightly 
kfter  paning  it. 

V.  Ton  LUfO— ELECTROMOTIVE  FOBCE  OP  THE  VOLTAIC  ABC 

{Annalendi'-  Fhyik  imk!  Chemif,  Vol.  SI,  Fl.  3,  No.  7.  1887,  jfp.  084-92.) 

In  a  previous  abstract  (vol.xiv.,  p.  671)  the  arrangement  has  been  described 

by  which  the  resistance  of  a  circuit  can  bemeosured  whilst  a  current  circolatea 

in  it.     Former  experiments  gave  the  value  of  3'J  volts,  and  it  seemed  desirable 

to  repeat  them,  using  copper,  as  well  as  carbon  rods,  and  also  replacing  the 

lamps  by  compensating  resistancei. 

The  new  eiperimants  gave  the  value  of  37  volts  tat  the  EJM.P.  of  the  aro 

lietween  two  carbons  5  mm.  in  diameter.     With  copper  rods  of  the  same  size 

the  E.M.F.  was  found  to  he  27-G  volts,  or  0-75  that  of  carbon,  which  agrees 

fairly  with  the  mean  value  (0-B6)  found  by  Edlund.    In  all  these  experiments 

the  letigth  of  the  ere  was  kept  constant ;  In  others,  tlie  results  of  which  are 

tabnUted  below,  the  length  of  arc  was  varied,  and  the  E.M.  F,  was  calculated 

^m  the  formula 

E  -  a  +  l>  1 1, 

io  which  a-  and  i  are  constant*,  1  is  the  length  of  the  arc,  and  I  the  current. 


BoJl. 
Carbon 

a. 

TolU, 

3G-n7  i  l'S4 

b. 

ObmB. 

1-83^0  11 

1. 

Um. 
0-4  to  S-S 

I. 

kmpbm. 
4-0  tu  5-4 

Platinain 

27'41=i=l-10 

l-4a=feO  I'J 

U  3  „  a-3 

0-3  „  e-6 

Iron    

26-03=1.2  16 

0-70  ^OM 

OS  „  35 

2  6  „  6-9 

Nickel... 

20-18i2-3o 

077  =i=  0-13 

1-fl  „  7-8 

4-5 

Copper... 

23-8fi  =!=  1-33 

0-67  =1-0  04 

06  „  7-0 

41  to  5-B 

Silver  ... 

16-23  i  0'45 

0-96  =!=  0-OS 

0  8  „  7-6 

3-7  »  Bl 

Zinc     .,. 

l9-8«±2'27 

a-r,r,  ^  o  2a 

0-6  .,  4-0 

2-G  „  4-3 

Ciulmtiim 

lO-ab  =!=  3'3a 

2-60  =t=  1-27 

0  *  „  1-7 

2-6  „  3'S 

KOKLBAOSCK-MEASCltEJliiNT   Of  THE  SELPINDPOTION  Of 
A  OONBUOTOE  BY  MEANS  OF  ISDDOED  CURBBNTB. 

(AmaUn  d,-f  FhyMik  mwt  CLontie,  7ol.  31,  No.  1,  PI,  go,  1B87,  pp.  694-600.) 
Tw.)  methods  a  re  given — the  one  with  a  diOerential  galvanometer,  the  other 

ith  a  Wheat«toue  bridge — as  well  as  ihe  calculation  of  the  uqaatious  for  eacb 

aethod. 


' 


CiMesMtaai. 


"i-r;    »w*m^ry 


wUek,  MEmiwad  tnM  ibe  do**  cqmiiaa,  gn«a  far  tb«  aeU-uidaeiKM 


Tb«  Melted  with  th«  WtMlM^  tnigE  iamj  siBau.aMiT,  ia  |l*ee«r 
■— iiBliw  fai  ths  above  bacHiw,  the  WMttiKei  «(  llM  ■««  fanachet  of  ibe 
Wdfe  bar*  lo  be  iatnteMd. 


r.  KOHLRAVSOK— AX  ABBAXOBM8NT  OF  BEStSTANCE-BOXI 
Iij  (ilVl;  TEST  LABGE  BATIOS  WITH  EXACTITUDE. 

(^Motn  d«r  Fliyia  md.  Cliemit,  Fel.  SI.  R.  ^  lb.  &>.  ISST,  pp.  G00-09.| 

It  i*  Terr  diJDenlt  with  the  ordinary  anftngencut  of  coili  in  a  box  of 
r««l*tBDce*  (4  obtain  a  meastueineiit  conetft  to^  nr,ODe  teii-tltoiiBaiidtb,i(  the 
nttoot  the  coropariion  eoila  U  large,  mch,  tot  inttance,  as  ooe  to  one  thotuand. 
Th*T«  ii,  bowGTer,  a  limple  meaiu  of  arraiii;uig  re^utance  ratios  of  the  vulue 
It,  ai,2SA,  63&,  1,390,  Ac.~tbat  i«,  of  tbe  vala«ii',  wLere  aii  a  whole  number— 
with  nu^h  OfKarKr.j  6a  ii  poi^ible  in  determinatiooa  of  icaiitaace.  Suppose 
tlivra  are  *  eqiial  reiirtaocca  r,  aod  n  equal  reaiitances  B,  and  let  B  be  nearl; 
•qoal  taif  r.    If  the  r  reai«tane««  are  connected  in  Mne*,  and  the  B  reaistanceB 

In  parallel,  th«  two  tolal*  will  be  very  nearly  eqaal,  viz.,  n  r  and  — ,  wliich  caa 

ItlVQ  be  exactly  compared  by  itny  known  method.    If  the  r  reaistancci  are  con- 
BMtad  In  parallel,  and  the  U  reaistancea  in  ceries,  the  two  resulting  resistanres 


will  be  -  and  n  II.     But  n  B 
n 


»■  r  (1  +  d),  and  the  ratio  is  n*  (1  -f  d).    The 

fmotjoal  oalcomu  o[  Itie  ubare  considerations  is  a  box  of  30  resistance  i 
•mnK*<l  '■■  tbrve  rows,  vii.,  10  resiaUnCGi  each  of  10,000  ohms,  10  of  100 ohm^ 
and  10  of  I  obm.    Each  re«istanee  coil  endi  in  two  mercnry  cops  armnged 
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metricallj  in  the  eboDite  lid.     The  oonn«ctioiiB  are  mode  by  me»DB  o[  bent 
ipper  bridges  dipping  into  tbe  mercarj,  and  in  this  way  any  arrangement  of  tb« 
tsncei  in  parallel  or  in  series  can  be  readily  made.     The  uomber  of  com- 
nationa  ia  very  large ;  for  instance,  the  10  reBiBtant^eB  in  any  one  row  can  Iw 
combined  in  94  diOerenl  ways.    Bome  of  the  advantages  of  the  new  amnge- 
ment  may  be  cited.     Tliere  are  only  three  different  sizes  of  colli.    In  each  of 
B  three  gronps  all  the  coils  are  alike,  and  the  wire  of  the  same  size,  and 
erefore  the  temperatnre  coefficient  may  be  taken  to  be  the  same  (or  all.    Ai 
le   coilj   are   connected  in  parallel  when  small  resistAnces  are  wanted,  the 
radiating  Borlace  is  larger,  and  there  ia  lest  likdiliood  of  the  coils  heating  if 
traverBed  by  relatively  large  currents.    The  use  of  copper  bridge-piecei  is  pre- 
ferable to  plugs,  as  a  more  definite  and  smaller  resUtance  ii  introduced  by 
j_tlwm. 

^B        T.  KOKLBAUSCH— OALOULATIOK  OF  THE  ACTION  AT  A 
^B  D18TAKGE  OF  A  MAOMET. 

^M  (jfnnal™  d«-  Fhysili  unj  Cheviie,  Vol  31,  Ft.  4,  No.  8u,  18ST,Ep.  609-17.) 

"^         The  calculaliona  made  in  accordance  with  the  method  first  introduced  by 

OauDB  are  nut   always  EDfficiently  acaurale.      The  formulee  deduced   by  the 

author  are : — 


Iflt  position — 


2nd  position — 

in  which  K,  and  K,  are  the  two  forcei,  U  is  tbe  magnetic  moment  of  the 
magaeC,(i  is  the  distance  from  the  centre  of  the  magnet  to  the  pole  acted  npon, 
and  t  is  the  distance  apart  of  the  polea. 

To  make  use  of  the  above  equations  in  observations,  the  usual  plan  of 
OauBs  is  followed,  in  wbicb  two  defiections  (^,  and  ^ ,)  of  a  magnetometer  kre 

Ibtatned  fcr  two  diBtanoeB(u,  and  a,).    Then,  if  I  is  very  ranall,  we  have 
M        r  ",'  -  o.'  1  a 

Ist  posit  ii 
In  tising  these  tormuls  for  disc  magnets,  such  as  magetised  steel  mirrori, 
instead  of  1  should  be  put 

'_       1st  position —  1  d  0-80  diameter  ; 

8ml  pi>ailioii—  I  =  0'S6  diameter. 


M  (_ "■'-''■'        )■■ 

ition-    H-H       /     a.  rjTj. 

'-'Y'    t*n.  V,      'V    tuii.^.J 

f  V-°.'  \\ 

|tan.^,"*   -  tan.*,"*! 


2nd  position— 


M 

H 
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A.    OBSRBECK  aai  3.  BrBOKABir— MEASU&EHBKT    OF  COKJ- 

DUCTiVITIES  BT  ]I£A^'6  OF  THE  D.T>rCTION  BALASCB. 

(AmmIm  der  Pkyiil  muI  CVmic,  YtL  31,  f1.  5,  So.  Sb,  1S$7,  fp.  792-81S.) 

A  K'**^  nuiDj  m^amreineiit*  ol  (ondiictivitj  Lave  been  nutde  b;  vanoiu 
pLjiitwU,  bat  tbe  revolting  valnM  An  not  Agree  Terj  welL  Tl)«  diKrepanein 
SI*  no  da&bt  in  great  part  dtu  to  Uie  difficult;  in.  obtAmisg  piM«  of  meUl 
in  vhich  the  moJecolar  lUncloie  U  identJoI.  Many  of  th«M  difficuliie*  may 
be  got  OTcr  bj  nnQg  Hogbe^i  ii>dnctia&  balance  for  Ute  BteatoTemeat  of 
cooductiritie* — a  ok  to  vhich  it  lendi  itself  paniealarlj  w«lt,  as  the  meanire- 
menta  are  made  on  thin  diaca  of  the  m^t^il  and  not  oa  virei  or  rods  (we  tr^'". 
MioJaret).  Moreover,  lu  tbe  carrents  iiictutir«d  are  tboie  doe  to  indaction  in 
another  circuit,  there  ta  none  of  the  great  diSicnlty  usually  met  with  is 
iletcrminiBg  the  eBect  of  more  or  lew  perfect  contacts. 

The  apparattu  nied  bj  the  authors  eomprited  three  diEticct  circuity  one 
primary  and  two  secondary.  In  the  primary  circuit  «  ere  arranged  a  batten 
«I  4  to  0  Bnnaen  calls,  a  current  Intemptor,  two  limilar  coils  (A  and  B) 
without  iron  com,  and  e  coil  (C)  with  a  core  of  small  iion  rods  and  wires.  In 
tbe  tirst  secondary  clrcait  were  a  coil  <C  >)  lurtojinding  the  jirunary  coil,  k> 
that  0  and  C>  with  the  iron  core  were  nothing  Ti;'<re  than  an  ordinary 
UuiunkorS  induction  coil,  also  tbe  two  fixed  coils  of  the  electro-dynamometer 
need  in  tbe  meatarements.  This  secondary  circuit,  <herefore,  reaUy  served 
cnly  to  prodace  a  fixed  field  in  tbe  electro-dynaniometer.  In  the  other 
secondary  circnil — which  might  be  calteil  (he  measuring  circuit — were  twu 
coils  (A<  and  B'),  placed  opposite  to  the  coils  A  and  Jl  respectively  in  the 
primary,  and  farming  nith  them  the  induction  lalance,  also  the  swinging  coU 
of  the  L'lectro-dynnmometer.  The  cuits  A  and  fi,  also  A',  were  fixed,  but  B' 
WHS  Bosceptibie  ot  movement  parallel  to  its  aiis. 

Balance  having  been  first  obtnined  with  the  coils  only,  one  or  more  metal 
dincB  were  introdDced  between  tbe  pair  of  colls  A  and  A>,  and  the  balance 
readjuslMl  by  the  intriidaction  of  a  standard  disc  between  the  coils  B  and  B<. 
The  method  is  therefore  a  sero  one,  and  is  compared  by  the  authors  to  thai  of 
weighing  with  a  delicate  chemical  or  assay  lialunce ;  the  experimental  body 
being  placed,  so  to  apeak,  in  one  scale-pan,  tlie  atandard  weiglita  in  the  other, 
and  the  Snal  measurement  being  made  by  observing  (he  number  of  divisions 
throngh  which  the  jwinler  of  the  beam  is  still  deSecled — the  detleotion  of  the 
pointer  in  their  case  being  the  deflection  of  the  electrti-dytmmameter. 

The  alandard  to  which  the  conduotivitieH  were  referred  was  mercury,  a 
diK  of  this  metal  being  obtained  by  cementing  together  thin  discs  of  glass 
with  a  circular  space  between  them,  much  as  a  hquid  object  would  be  mounted 
on  a  microscope  slide. 

The  action  of  the  metal  disc  on  the  flow  of  induction  depends  on  iu 
diameter,  thicknets,  and  conductivity  j  and  aa  in  all  experiments  discs  of  the 
lame  diameter  weie  used,  the  action  of  Ihe  plate  or  plates  between  the  coils 
A,  A',  balanced  that  of  the  disc  between  B,B>,  when  the  two  products,  thickneu 
Multiplied  by  conductivily,  were  ii|UBt.      The  followinp  table  contains  the 


ABSTJBACTB. 


ns 


TeiulU  obtained  by  the  metbod  deicritied  aliove,  and,  for  the  lake  of  coin- 
parisoD,  tbe  values  obtAtned  by  other  expt^riinenteTB  working  by  other  melhoda, 
all  being  reforied  to  mercury  aa  unity  : — 


&.  AlAttbiesBCiJ 

aud 

JI.  V.  Boae. 

Bi^noit. 

H.  F. 

■Weber. 

A.  Olierbeok 

and 
J.  Bergmann. 

Copper       

S0-3S  (J.) 

65-86  {,-) 

... 

Gi-B7 

Aluminium 

... 

30-86  (j) 

30-17 

MagDEiinin 

... 

22-57  (J.  J 

... 

18-91 

Zinc     ... 

I7'S2 

i  18-33  (.)  1 
\  16-10  ih)  i 

llj'65 

15-93 

Cadmium 

14-3;> 

13-9S  (ft) 

13-05 

13-77 

Tin 

7-60 

8-237 

9  876 

9-0-16 

Lead    

6-02 

*-810 

E'lll 

4-688 

Antimony 

2-79 

... 

S-4E9 

Biemulh     

0-76 

... 

t)-8U01 

0-8205 

{Sj  —  hurd,  (s)  -  suit. 


A.  OBEBBECK— THEOBY  OF  THE  ISDUCTION  BALANCE. 

(JnimltMi  J"'  l'l.-j:.k  .mJ  CU^.-ni;,  Vol.  31,  PC.  B,  No.  all,  1«87,  fie-  812-30.) 

The  article  givua  the  full  luatLematical  theory  of  the  induction  balance 
I  med  in  tlie  experiment*  referred  to  in  the  preceding  abstract, 


I 

^H  C.  BENDER— VALINE   BOLUTIONS. 

^K        {AnnaUn  dvr  Phyiik  und  Chewie,  Vol.  31,  Ft.  S,  Ho.  8b,  1887.  pp.  872-89.) 

^1  Hia  experiment!  on  tlie  ^peciQc  gi-avity.  coefflcient  of  expunsion,  and 
conductivily  ot  aohitions  of  salts  and  their  miKlurea,  have  led  the  author  W 
the  concluuou  lliat  some  of  those  ga'tswbidi  ure  iiidiOc'rent  in  their  action 
when  mixed,  and  ivliich  he  calls  >'  corresponding,"  have  a  simple  molecular 
relation  tu  each  other.  Leaviug  on  vne  side  the  mperimeuts  relating  to 
■p«ciQc  gravity  and  expaiiaioii,  the  following  are  the  general  i-etulti  deduced 
•0  far  as  regards  reaiitance  and  condncUvity  ; — Solutious  ot  Na  CI  end  Li 
have  the  molecular  ratio  of  1  tu  1,  Na  CI  and  NU.  CI  the  ratio  oE  3  to 
E  CI  and  }  (Bit  CI,)  also  3  to  i,  Na  CI  and  ^  (Ba  CI,)  1  to  1.  The  resiitaucb 
of  a  mixture  of  two  solutione  ia  almost  always  less  than  the  arithmetical 
mean  of  the  resistances  of  the  individual  sulutions.  tlo  similar  simple  law 
exisU  for  the  conductivity  ol  mixtures. 
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WILHEUf   PEUKEST— EXPLAKATION  OP  WALTENBOF£lJ-B 
PHKNOMENOS   OF  ABNOEMAI,  MAGNETISATION. 

{AmtaUm  der  Pkfiik  iiml  Cheaie,  Fo).  S2,  Ft.  3,  Ka.  10,  18S7,  pp.  391-97.) 
AtmormBl  mafiTifiisalioii  coonits  in  the  tonnation  of  the  opposite  pulsrilf 
hi  that  irbich  the  mngoelMnf  canent  would  be  expected  tu  prodan,  and 
ocean  when  the  ma^etising  coil  i»  luddeiily  mtemipted,  and  not  n-heti  (he 
strength  of  Ibe  caireut  iu  it  ii  gradoaUy  diminiibed  by  the  Encc»sire 
introiJuctiim  ol  mori:  and  mure  re«i«tant-e.  "Waltenlofca  coniiden  Ibe 
phemomennn  to  be  dae  to  inulecaiar  inovemeDts  in  the  iron.  G.  'Wiedcmsim 
puU  it  down  to  the  extra  current  which  ii  indaced  on  lireaking  the  circDit. 
The  author  hai  tested  tbii  view  experimentally  by  snddenJy  brcBking  ilie 
mognetiiiiig  circuit  of  an  electro- magnet  by  means  of  a  quick^oting  switdt, 
which  just  before  the  intermption  shorUcircoits 'he  coil.  As  the  abuorjnal 
mat^elisation  was  a1»o  noticed  in  tbese  experiinents,  in  which  the  exin 
CDirent  did  not  act,  they  would  appear  to  support  Walteuliofen's  view  rather 
tlian  Wied^maun'g. 

WABSICUTH  and  O.  A.  SCHIIi^nTa— EXPERIMENTAL  DETEB- 

I  MINATION  OF  THE  WORK  OF  MAGNETISATION. 

(BaiWaMw,  Foi.  II. Pf.  4, 1887, pp.  a^a-TO) 
If  soft  iron  is  btunght  near  a  magnet  from  a  considerable  distance,  and 
then  so  rapidly  removed  that  the  magnetism  is  not  thereby  diminished,  then 
more  work  (W)  is  required  (or  the  rt^moval  than  is  given  up  on  the  approach 
(L),  since  iha  attraction  is  greater  during  the  removal  ;  the  difference 
A  —  W  —  L  is  the  work  of  ma^elisstion.  Buppose  that  the  miignetising 
force  I  acta  on  all  parw  of  the  body  used,  viz,  an  elongated  ellipsoid,  in  the 
direction  of  the  uxis  of  rotation  with  equal  force,  the  n'ork  of  magnetisstion 
can  be  calcnluted  per  cubic  miUimJtre,  if  the  magnetic  moment  of  the  cubic 

millimetre  is  m.    For  then,  clearly,  W  —  a  m  and  L  —   /  m  d  a,  as  may  be 

■hown  by  calculation  aud  experiment ;  hence  A  —  im—    /  mds—    I  i  dm. 

The  experiments  were  made  with  iron  ellipsoids  in  an  intense  magnetic  field 
produced  by  a  large  electro-magnet.  The  forces  j-  and  m  were  measured  by 
means  of  the  vorrenta,  which  were  induced  io  a  Bied  coil,  first  with  and  then 
without  the  iron  core  inside,  on  rexersing  the  polarity  of  the  magnet ;  tbe 
carrenis  being  deteimioed  in  absi'lute  measure  by  an  earth  inductor  intn>- 
doced  iu  the  circuit.  The  experimeuls  were  found  to  fUlfll  the  theoretical 
c.onai  derations. 

V.    WIETLISBACH  — aELF-INBUOTION   IK   8TBAIGHT   STRETCHED 

WIEE8. 

(^BnbhitUr,  Vol.  II,  P(.  *,  1887,ep-  SSt-8B.) 
Tha  article   refers   (o   the  experiments  of  Hughes  with  the  Wbeatstone 
bridge.     It  a,  b,  c,  d  are  the  resistances.  A-  —  jj.  Snp—  — igj  -4c 
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tbeB.M.F.or  imlnction,  where p,Ao., are  the  coefficients  of  self-induction;  then 
ad  —  nl  —  tc  —  By.at  —  ad^by  +  Bf.  lu  Baghes's  eiperlmenla  7  —  0, 
S  —  0;  tbereror?  ad—  be,  ad  —  gc.  The  former  ratio  gives  Ihe  true 
resistance,  th^  st'coii'l  gives  the  coeSlcieiits  of  induction. 

It  it  is  assumed  viih  rapidly  alternating  impulses  that  the  electricity  does 
not  distribute  itself  equally  oTer  the  whole  cross-section  of  the  wire,  hut  is 
greater  towards  the  surface,  then,  according  to  Bayleigh,  the  resistance  i.>F  the 

^^wire  W  ■•  W  f    1   +    J  vn,  C  n"  •■'  I,  where  W  is  the  resistance  for  sleadj 

^^rarrmt,  I  the  length  ot  the  wire,  e  the  namhcr  of  alternations  per  second,  /i 
the  coefficient  of  magnetisalion.  Siuiilarly,  for  very  rapid  alternations  the 
coefBdent  of  induction  is 

H^  J,.  _  i  |,.  +  ^  (  i  _  ,1,  ^  c'  ^«  ,'  )J  i 

H  W.    _   y/V7T^;  Ip^    -ifp*    ^-J^^. 

For  rapid   alternations,  therefore,   the  resistance   ut   the  wire   increasei 
infinitely,  and  depends  on  the  resistance  for  eteadj  currents.     The  coefficient 
rinilnctioniialso  variable  for  rapid  alternations. 


H.  LX  CHATELIEE-JIEASUHEMENT  OF  Hltin  TEMPEHATUBEB 

BY  THEKMOPILES, 
(flsrtWter,  7ol.  11,  PI.  5,  1887,pp.  361-52.} 
The  wires  generally  used  are  not  sufficiently  homogeneous  to  be  depended 
upun.  A  better  phtu  is  to  use  couples  of  melted  platinum  and  of  a  melted  iilloy 
of  ten  per  cent,  rhodium  with  platinnm,  which  are  very  constant.  If  one 
jnnction  is  kept  at  0°,  the  electro- motive  force  can  only  be  expressed  bj  a 
rutber  complicated  formula;  if  the  second  junction  is  at  a  tern  peratura  between 
300°  and  1,200^  the  following  formula  may  Ite  used;— E  =  —  15  +  0-115;.  For 
a  couple  formed  ot  pure  platinum  and  palladium,  between  the  temperatures  0^ 
and  1,BC0°,  E  -  43  t  +  0-00073  («. 


C.  B.  CBOSS  and  W.  Z.  BHEPABD— UODNTEB  E.M.F.  OF  THE  ABO. 

(Beitiiillci-,  Vol.  11,  i'l.  E,  lesr,  pp.  373-7*.) 
'  Measurements  were  made  of  the  current  in  the  lamp,  and  of  Uie  E.M,F. 
as  near  to  the  carbon  points  as  pusaible,  the  length  ot  the  arc  being  also 
measured  by  a  micrometer  screw.  For  an  arc  burning  ailentiy  the  E.M.F. 
was  found  to  be  about  39  volts,  for  a  hissing  arc  only  15  Tolts.  No  material 
dilTerence  was  noticed  wbetbur  the  upper  or  lower  carboD  was  the  positive 
one.  The  admixture  uf  borai,  BOtla,  &t.,  Bilii  the  carbon  gave  an  B.M.P.  of 
about  9  or  10  volts.  More  intense  heating  of  llie  upper  poaltivi:  carbon, 
produced  by  surrounding  it  with  a  fire-clay  jacket,  resulted  in  an  increase  ot 
the  E.M.F.  to  47  volts  and  31  volts  for  the  silent  and  hissing  arc  respectively. 
Cooling  the  upper  cartrau  by  a  current  of  water  reduced  the  E.SLF.  to  13  volts 
and  6  volts  respectively. 
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B.  ABOH— QALVANIC  CELL. 

[BfUliUer,  Vol.  11,  Pt.  6,  1887,  p.  4S9.) 
The  c«llcDiiUins  zinc  in  an  alkali.    The  pDlsrisation  is  preveuteJ,  aotbj 
oxide  of  copper,  but  by  oxido  of  mercury,  wliich,  by  diMoiving  in  tUe  alktjiiu 
aotuUon,  nmuIgamiUea  tlie  zinc.     In  order  lo  incr<^a»e  the  surface  it  miy  b* 
mixed  with  iron  Bhaviogi. 


R.  KBOGEB— NEW  METHOD  OP   DETERMINING  THE  VERTICAL 

INTENSITY  OF  A  MAGNETIC  FIELD. 

[BMlaltir,  Tol.  11,  11.  7,  1887,  pp.  661-62.) 

A  brau  wire  stupends  a  circolar  disc  of  copper  in  a  glass  vessel  contaiDiug 
a  solution  of  sulphate  of  copper.  ImEueiliately  below  the  suapeuded  dUc  is  a 
tecond  one,  also  of  copper,  supported  on  a  brass  rod  fixed  in  tb«  bottom  of  the 
glass  veiseL  Iloth  copper  discs  have  their  surfaces  insulated,  so  that  a  current 
sent  down  tlie  brass  suspension  ivire  passes  radially  to  the  edges  of  the 
suspended  disc,  then  through  the  loIuLion  to  the  edges  of  tbe  fixed  disc.  Is 
oircuit  with  the  apparatus  is  a  hifllar galvanometer,  llie  cuavolution  area(F)  ol 
which  was  determineil  by  comparing  its  action  on  the  needle  of  a  tangent 
galvauometeT  with  tlie  action  of  this  latter  on  the  same  needle.  U  the 
apparatus  is  brought  within  the  influence  ol  a  vertical  magnetic  force,  the 
horizontal  copper  disc,  being  traversed  by  radial  currents,  will  be  rotated. 

In  the  ease  of  the  bifilar  galvanometer,  if  D,  is  the  directive  force  of  the 
suspensioti,  f  the  de3ecti<;)n,  H  the  borizuntol  comiNiuent  of  the  earth's 
magnetism,  then 

f  H  -  D,  '.^* 

In  the  oopper-plate  arraugement,  which  is  traversed  by  the  same  ctimnt 
(f),  if  D,  is  the  directive  force  of  the  suspension,  ^  the  deflection,  V  the  vertical 
component  of  the  eartli's  force,  r^  the  inside  radius,  r,  the  outside  radius,  and 
I-iC.  +fJ.d-iCr,-r„),  then 


D,  -  a*  =  Vil' 


0^^)= 


And  from  these  two  equations  the  ratio  of  H  to  V  can  be  obtained. 


P.  DTPBNBOBN-METHOD  OF  CALIBEATINO  BRIDGE- WIRE B. 

{Bfiblitter,  I'uMl,  PI.  8,p.  68G.) 
In  order  to  calibrate  the  resistance  of  a  wire  one  mttre  long  exactly  to  one 
Obm,  a  wire  of  slightly  greater  resistance  is  taken,  and  a  shmit  is  attached  to 
the  ends. 

A.  BOSEN-SOLUTIUN  OF  AN  ELECTROSTATIC  PROBLEM. 

{Beiblalter,  Vol.  11,  Pt.  9,  p.  6*3.) 

It  Is  not  posiible  to  give  any  extract  of  the  mathematical  treatment  of  the 
problem,  viz.,  to  determine  the  distrlbntion  of  the  electricity  if  an  eUctriSed 
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cosductiBg  iphere  and  a  dielectric  non-co  ad  acting  sphere  tre  in  another 
dielectric  medium,  e,g.,  in  ftir;  further,  if  the  dielectric  sptiere  ia  lurrounded 
by  &  concentric  envelope  of  aooLhei' dielectric,  or  if  it  ia  replaced  by  an  infinite 
quantity  of  the  dielectric  which  is  bonniled  by  the  air  over  an  influite  plane. 
The  cftlcDlation  might  be  valuable  for  the  determination  of  the  specific 
inductive  capacity,  by  allowing  a  dielectric  sphere  filled  with  the  liquid  to  be 
iuveatigated  to  he  attracted  by  a  conducting  sphere,  and  then  repeating  the 
ezperimeiit  with  the  formei'  aphere  empty. 


I 


A.  BOSEN— FROLICH'S  GENEBAilSATlON   OF  THE  WHEAT8T0NE 

BKIDGE. 


[BaCbldtUr,  m.  11,  Ft.  9,  p.  Gi3.) 

If  a  certain  relation  exist«  between  the  resistances  in  any  network  of 
conductors,  and  an  E,M.P.  in  a  certain  ccmductor  (A)  produces  no  current  in 
another  conductor  (B),  then,  it  any  E.tt.P.  whatsoever  are  introduced  into  the 
netwLirk,  and  the  same  relation  between  tbe  resistances  is  maintained,  the 
current  in  1)  will  remain  the  same,  whether  the  conductor  A  is  open  or  closed. 


IHAI^AIIET— DETERMINATION  OP  THE  ELECTHIC  CONDUCTIVITY 
OF  METALLIC  WIRES. 

(Sullslin  da  la  SocWU  InUniatiotuih  des  EketricUni,  Vol.  i,  lune,  IBBT.Hi.  331-S8,) 

There  are  two  ways  of  determining  the  conductivity  of  a  wire  as  referred 
a  standard.  In  one,  the  resistance  of  a  certain  length  of  the  wire  is 
messared,  and  its  diameter  is  exactly  determined.  We  can  then  compare  its 
resistance  with  that  of  one  Itilomfttre  of  pare  copper  wire  one  millimetre  in 
diameter  at  0°,  whicli  is  20-337  legii  ohnia  or  SO'57  B.A.  ohm*. 

The  sectmd  method  is  to  measure  the  resistance  of  a  given  length  ol  the 
irimental  wire,  and  the  weight  of  this  length,  and  to  tffect  a  comparison 
ith  theresistanceofone  kilometre  of  pure  copper  wire  weigbingoneidlogramma 
0°.  In  this  latter  method,  which  is  more  eapecially  used  in  England,  it 
is  taken  for  grunted  that  both  the  standard  wire  and  the  eaperimt-ntal  wire 
have  the  same  speciflc  gravity,  which  la  very  frequently  nut  the  case, 
especially  with  the  so-called  high.cond activity  wires,  which  owe  their  high 
conductivity  to  their  greater  specific  gravity. 

Actual  experiments  on  some  wires  gave  the  following  conductivities : — 


i^^ 


let  Bam  pit.      Snd  Bample.    nrd  Simple. 
102'1  IOli-7  110-8 

101-7  101 -a  101-6 


Ufa 

^^g  (a)  By  comparison  of  diameters 

^U  (b)  By  comparison  of  weights  ... 

^H        It  therefore  seems  desirable  to  do  away  with  the  comparison  of  weights 

^pof  equal  lengthi,  and  to  adopt  as  the  deflnitioc  of  conductivity  the  inverse 

ratio  of  the  resistances  of  the  two  wires  (standard  and  experimental)  of  the 

tame  length  and  same  diameter  a*,  the  same  temperatore. 
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FAX! — Variationi  in  tlie  Electrical  £eHittance  of  Antimony  and  Oobalt 
in  the  Magnetic  Field. 
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{AniiitUt  T^eijrnpliiguei,  Vul,  14,  Hay — June,  1887.) 
r.  GO DrBOT— Adaptation  .jf   the  UuglieB   Instrument  to  Mnltiple  Trant- 
mission.     A.   DEBIES — Localjsatiou   of  Faulla   in  SuboiAriiie    Cablet. 
Arum. — New  Bystem  of  Transmission  tor  Telephoiiea  and   Telegraphs  of 
Haiohe  and  Tommasi. 


(ComptM  Hendai,  V-J-.  104,  No.  38,  Gth  Jnne,  1887.) 
P.  SUHEU— A  Relation  between  the  Peltier  Effect  and  the  DitTerence  of 
Potential  between  Two  Melals.     VASCHT— Action  of  un  Electrostatic 
Pield  on  a  Tariable  Current.     E.    BOnTT— Conductivity  of  Abnormal 
Balli  and  Acids  in  Very  Dilute  SoluLions. 

(iVo.  2*,  ISHi  Jiinn,  1897.) 
J.  CABPEHTIEB— A  New  Pattern  Electrometer,    J.  CA&F£NTI£B~- 

An  Eletlric  Clock.    P.  DUHEK— The  Peltier  Thenomenon  in  a  Ballery. 
E.  BOUTT— General  C»ie  of  tlie  &>nductiyily  of  Miitutes. 


ABTICLES   BELATIKU  TO   ELEGTBIOITI,   Eca  SOI 
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UESnc — Heat  Couductivity  of  BiBiniitli  in  a  Magnetic  Field,  and  Deviatioa 

of  tlie  IiotlienDBt  Liaex.     B.  BICHAT — An  Electric  Fly.    B.  BOTTTT — 

Application   of  the   Electrometer   lo   the  Btncly  of  Clicinical   Beactioiu. 

LBTANO — A  New  Arc  Lump. 

(No.  26,  SJth  Jime,  1887.1 
a.    BOBnT  —  DiBtribatiun    of    Electricity   od    a    Cioaed   Convax    Sarfiiee, 
MOBJSOT — Measurement  of  Internal  CondactivitieB. 

(Tol,  105,  No.  1,  ilh  July,  1887.) 

H.    DBBBATBT    and    PBCHABD— Alteration    of   tlis  PoaitiTe   Carbon 

Electrode   in   the  JBlectrolyais  of  Aoida.      TASCHT— Electro-capillary 

Pbenomena, 

(No.  a,  lift  July,  1887.) 
B.  CABAITBLLAB— Use  of  a  Sliuut  in  tlie  Ballitttic  Method. 

(No,  3,  Wh  Juli^,  1887.) 
A,  BIOHT—Eeat  Condnctivity  of  Bismuth  in  b  Magnetic  Field. 

(.Vd.  4,  ■SiniJiihj,  1S87.) 
T.  IiEIlBBOBB  aJid  a.  ISAN<ECTVBIBB— Coefficient  ut  SelMnauction  ol 
Two  Bobbins  joined  np  PiirBllel. 

(.Vo.  7,  \i:th  A'lijuil,  ia87.) 

»OBBHAUT  uid  mSLAWSKI— Action  of  Electricity  on  the  Liver,  and  tlia 
Amount  of  Crea  in  llic  Blood. 

|.Vo.  8,  2'2nd  Av-jual,  1887.) 
r.  LEDBBOEB  and  G.  UAntEnVBIBB— Coefficient  of  Belf.Induclion  of 
Two  Bobhiua  joined  up  Parallttl. 

(No.  11,  mh  ScpUnAer.  1887.) 
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tiouand   Incimntion  Obaervatious  made  in  Tunis  in   1684-188*1.    MEB- 
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602  AKTI0LE8   RELATING  TO  ELECTHIOITY,  Eia 

(Journal  tie  Ph-jiiqae,  Vol.  G,  June,  1887,) 
a.  IiIPFHCAmr— An  Absolute  Unit  uf  Time ;  Electric  Standarda  ot  Time  and 
Chronowopvs   of    Variations.      P.    JANET — Effect    of   Hagnetiam   dd 
Chemical  Fhenomena. 

CPb!.  6,  J«gurt,1887.) 
P.    SUHEH— A   Tlieory  ot    Pyro.electric    FhenomeDB.      H.    PEUiAT— 
Meaauremenl  of  the  True  Potential  Difference  of  Twu  Melali  in  Coiitacl. 

(Fd'.  G,  Siptrmhtr,  1887.) 
P.  OABBE— The  Fundamental  Lav  oF  Electra-3fa>^etigm. 


(Journal  TiUgra^hique,  Vol.  11,  Ko.  6,  Jutie,  18S7.) 
BOTEEV— Telephonj    (cantiaHcI).        L.    VIAmSZ— Duplex   Ilethodt 
Telegritphy  {ly/ntiMud). 

(Vet.  11.  A'o.  7, /iilv,  18S7.) 
&OTHEH— Telephony   (cnntinusd).      L.     VIANISI— Daplex     MetIiod<    ol 
Telegraphy  [eonlinimd). 

(nt.  11,  Wo.  a,  Avstut,  18S7.) 
BrOTHEN— Telephony  (mnlmiud). 

(Vol.  11,  JCo.  9,  SpplsmiBr,  1887.) 
BOTHEM — Telephony  (eonlimit-il). 

(Vol.  11,  Wo.  10,  Orfo&pr.  18S7.) 
BOTHEN— Telephony    {a>rU\ntui).      W,    H.    PBBECX— Nola    on  Copper 
Wirw. 


P 
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(to  lAiml-ha  ETucirifliw.  Vi-I.  21,  JTn,  23,  4f'i  Jiim-,  1837-) 
C.  E.  QUILLAUME— Thi'  LepU  Ohm.  J.  LtTVIlfl— ConduoUTUy  o( 
Gases  anil  Vapour?,  BECKXB  and  FIEKABD— Tests  ot  BatteriM. 
A.  MINET  — A  Staudard  VoU.imeler.  P.  OABEBT  —  8eyboIt'« 
Apparatna  (or  Determining  the  Flashiog  Point  of  Mineral  Oila.  C,  O. 
BASKINS — Bablerraneatt  Wires  in  the  TToiled  States.  J,  LUVXNI — 
Elacti'ic  DIaturbancea  aa  Frecarsora  of  Earthquakea. 

(Vol.  n,  No.  24,  llrt  Jittie,  1887.) 
S.  BE  BOTHE— Capabilities   of  the  Haghes  Apparatus,      B.  KAHTSO- 
VITCH— Gimu's  Ilegiatering  Ayiparatu".     W.  C.  BECKITIEWSKI — 
Winiling  of  Dynamos.      C.   BEIOmEB  —  Compound   Dynamo;.      E. 
HOBO — Arraiigemeii t  of  Accuniolaleurs  on  Electric  Can. 

(7t.l.  24.  m.  25,  18th  Juw,  1887.) 
J.  8ABCIA — De  Bcrnadoz'  Methoil  ot  'Working  Metala  Electrically.  B. 
MABIWOTITCB— A  Now  Form  of  Wheatstone  Bridge,  E.  HET^AV 
-.The  Iiahmeyer  Dynamo.  E.  SIEUDONITE — Electric  Haulnge  on 
Trnmwftys,  P.  K.  ^BDEBOEB — Duration  uf  the  Setting  Up  of  a 
Current  in  an  Electro-M.ignet.  Q.  BICBABS— 3ome  TeJepbonei. 
A.  PEBBIN— Use  of  Iron  on  Aerial  LtDea, 


I 
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ARTICLES   RELATING  TO   ELECTRICITY,   Eio.  003 

(TdI.  U,  So.  !6,  2B(h  Juno,  1837.) 
B,  HAatnOTITCH— Tbe  Weglninster  Dynitmo.     Dr.  A.  D'AKSOKTAL 

— Electric  ClirLiuitnieter  for  Measuring  the  Bpeed  of  Nervous  Ini])r^aaioDB, 
A.  FEBBIV— Use  of  Iron  on  Aerial  Linen.  P.  R.  LEDEBOEB — 
Litaag'a  New  Arc  Lamp.    A.  WIHET— A  Stniiilanl  Tohameter, 

(Val.  25,  No.  27,  Bid  July.  ]8B7.) 
WONBCHENSDOBF— Submarine  Te!<-grapli}-.   W.  O.  BECHNIJBWSKI-^ 
Rowan'B   Electric   Tools.      L.   PALMIEBI— Atmosplierio   Electricity — 
Negative  CUarge.    O.  BICHABD— Detu^ls  of  Dynamo  Ooni  timet  ion. 


(Fol.  25,  No.  28, 9lh  Julw,  1887.) 
WUNSCHENSDOBF— Submarine  Telegrapliy.  A.  LEDTTC— Change  in  the 

Heat  CondQctivity  of  BismuHi  ia   a  Magnetic  Field.      K E— ^New 

Motie    Transmitters    with     Kej'-Boftrd,        J.    LUVIHI  —  Atmospheric 
Electricity. 


I 


(Fol.  23,  W..  2fl.  IftJt  July,  1887.) 
WilNSCHENSDOaP-SubmBrine  Telegraphy.     ERIC  GERABD— Dead- 
beat  Measuring  Instrument?.      Q.   RICHARD— Elect ra-MetJtllurgy   of 
Aluminium.    J.  LTTVINI— Atmospheric  Electricily. 


I 


{Fol.  2S,  Ne.  30,  23nl  July,  IgST.t 
H.   HADON— Qa.idruplei  Hughes  Apparatus.      WDHSCHENIDORF — 
Submarine  Telegraphy.      E.   HETLAZT — New  Measuring  Instruments. 
P.  H,  LEDEBOEB — Standard ixiiig  Measuring  Instruments  by  means  of 
Minet's  Voltameter. 


iToI.  S5,  .Vo.  31.  SOfft  J'lhj,  !887.) 
C.    DECHABUE  —  Part    played    by    Electricity    in    Crystallisation.      £. 
HETIiAN — New  Meiuuring  Instrumeuls.      F.   H.   IiEDEBOEB— Use 

I  of  a  Shunt  in  the  Ballistic  Method.  WDNSCHENSDOBF— Bubmanna 
Telegrajiliy.  E E — Use  of  the  Telephone  for  Domestic  Signals.  A. 
HILIiAIRET— Menges'  System  of  Distribution,  C.  BEiaKIEB— 
Utilisation  of  the  Magnetic  InJuctive  Flux  in  Dynamos. 
(Val.  S5,  No.  33, 6th  Aje/uil,  1887,) 
P.  H.  LEDEBOEB  —  CoeSiLient.  of  Selt.Induclion  of  Two  Bobbins  joined 
up  in  Parallel.  WONSCHENSDOBF— Submarine  TulegrapUy.  C. 
DECHABHE— Fart  played  by  Electricity  in  Cryslallisation.  E. 
METI.AN— Menges'  Regulator. 


i 


{Vol.  25,  So.  33,  Inth  Jujuif,  1887.) 
P.  H.  LEDEBOEB— Use  of  Dynamos  in  Telegraphy.    B.  HABINOTITCa 

— A  New  Galvanometer,  WUNSCHENSDORF — Subm^iriiic  Telegraphy. 
a.  BICHABD— Electro-Mciitllnrgy  of  Aluminium.  C.  DECHABHE 
—Part  played  by  Blecirloity  in  OrysUllisatlon.     A.  PAL AZ— Central 


ew 


AKTICLEB   KELATING   TO   ELELTaXOITY.   Bw. 


(Fof.  26,  No.  JH,  20ih  Au.,in,t,  1887.) 
S.  DIEUDONNE— Automatic  HjilrometragTaplij.    WUITSCHSNBSOEr 
— SubmHtiiie  Telegraphy.    X E — Spalding  Lightning  Di»cliar^r. 

(Fol.  26,  A'o.  35,  -ijth  A^iyiut,  1887.) 
E.  METIiiN  —  Eitctrica!  Experiments  at  the  Antwerp  Exhibition 
WtnirSCHEKSSOKr— Submnriue  Telegraphy,  r.  FESCBTTO— 
Laburiit.'jry  Work  at  the  Moot^flore  Electro-Technical  Inatitufe.  P,  H. 
IiEHEBOEB— Heat  ill K  hy  means  of  Electricity.  C.  SECHABME-i- 
Fort  played  by  Electricity  in  Cryitallisatian. 

(To!.  25,  Ji'n.  36.  3r<i  SppipmiffT,  1887.) 
W.  C.  BECHNIEWSKI— Eliiclrical  ExperimeoU  at  the  Antverp   Exhibi- 
tion.     wirNSCBENSSORF— Submarine  Telegrnpliy.    F.  H.  X.EI1E- 
BOEB — Goi'lBi^icuL   ut    tSi:l[- Induction    of   Two    Bubhins   juined    up   io 
Parallel    E.  DIEUSOITNE— Blectric  BaUvays. 

[Vol.  as,  No.  87,  KKA  Septtimber,  1887.) 

ESLUHD— Luvini'^  Theory  of  Uoipolar  Iijiluctjon.     W  UNSCHEITSDOSF 

— Submarine  Telegraphy.     K E— Kieter's  Printing  Ti^lcyrsph.      C. 

DECHABMB— Part,    played    by    Electricity    in    CrystaUisalion,      D, 
TOUUASI — Motliplex  Telephonic  Conununicaltone. 

(Tol.  26,  Wo.  S8,  nth  SeptiTober,  1887.J 
E.  KtETLAS — Direct  Converaion  of  Heat  into  Electricity,    WUNSCKElfS- 
SOKF— SubmariDe  Tetegrapliy,     C.  REIONIEK— Uefinitiuna  i.>[  Mag. 
netic  Parameters.    A.  FAXAZ— Standard  Condcnaeni,     E.  MEKQES— 

EymbulB  for  Electrical  Instraments  in  Diagrams.    F.  H.  LESEBOEB 

Heating  by  Electricity. 

[Fol.  25,  No.  89,  2ith  Sq>te-«ber,  1887.) 

P.  MARC  I  lili  AC— Meteorological  Olnervatory  at  Mount  Ventouu.  W.  C. 
K.ECHNIEWSKI— Geometric  Theory  of  Transformers.  E.  DEEtT- 
DOITNE-Sufety  in  Theatvigi.  WtfNBCBENSDOItF  —  Submarine 
Telegi'aphy.  Dr.  FAE— lulluence  of  Magnetism  aa  Besistaoce  of 
Conductors. 

(IV.  SO,  Wo.  40.  Ij(  October.  1887.) 

J.  HO tITIE»— Ind action  on  Open  Circuit.  Q.  BICBABD—Detalli  of 
the  OonEtruction  of  InCiinileecenca  Iam|)a.  A.  FALAZ  —  RaHway 
Signal*  at  the  Philadelphia  Exhibition.  WDNSCHEHSDORF— 
Submarine  Telegraphy. 

(Fol.  26,  No.  41,  Sih  Odnbtr,  1887.) 
C.  REIOHIER— DyDano  MiichlneB.  F.  H.  LEDEBOBIU-Pliatometry 
nt  the  Antwerp  EJthibilion.  C.  BECHNIEWSK  I— Cons  I  ruction  of 
Transformers.  C,  DECHARME— Intlaence  of  Bfngnetism  on  t.'ryslalli. 
■ation.  WTTNSCHEH'BDORF— Submarine  Telegraphy.  A.  FAIiAZ— 
Railway  Signals  at  the  Philadelphia  Exhibition. 
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AKTI0LE8   RELATING   TO   ELBCTRICITT,  Bw.  60r, 

(Fol.  ae,  No.  12,  ITtth  Octohirf,  1887.) 
E.  OUILIiAUHX— IlImniiialLon  i:<f  a  Pl.-iuu  Snrface.    C.  BEISNIEK— 
Dynamo  Mai:tiiiie«.      WnNSCHZ!N03OKr  —  Submariae  Tiflegr.ipliy. 
W,  C.  BECHNIBWSKI— Tr~U8fo!mers. 

(!'"'.  Vi,  .Vi>.  13,  T2-V.I  '.l.(A',',  lpe7.) 
H.  I.EI)EBO^A  and  Q.  aLANOSDVBJEB-Uee  of  llis  Electrometer 
fur  thp  Measurement  of  Mean  Dillereticei  of  Poteniial  with  a  Peiioilic 
V^.inliilily.  O.  BICHAKD  —  SctniU  of  Dynamo  Const  ruction. 
wiJlTBCaENSDOBF  — Submarine  Tilegrapby.  A.  FALAE— Uurcl 
and  Pacc.iud's  Cimlombmeter.  F.  ^E  OOAIZOV  —  Application  nl 
EJectrlcily  to  Voting  in  Parliament. 

{Vol.  26,  So.  14,  29ih  Ocioter,  1887.) 
MAKINOVITCH— An  Electric  Motor  fur  Wotkitig   SigTials.       WCTH 
SCHENSDOOF— Submarine Telegraptiy.  P.H.  LEDEBOEIt— CujineC' 
tion  of  several  Dynnmos  to  One  Circuit.     E.  DIEUDOITNE — CoinpariBon 
of  the  Tarioua  Sourci?s  of  Light  in  Uac. 


(Bii7l((in  dc  !a  Socit'U  Intcnt^iliovi,:  d<'i  Elcdrieieni,  Vol.  1,  2fo.  311,  J\tnc,  ISHl.) 

IaEIalOHAKV-IiITI    and.    TASCKT  —  Loug-diatanre    Telephony,        X 
CABPENTIER— Electric  Clock. 
[ 


(Vel.i,No.iO,J,^hj,].m7.) 
HZLI.AIBBT  — RaBaid'B    Dynamometer.       IIAICBB  asd  CASI.— 

Lonj^-distaDce  Telephony.     Sim^Klectric  Level  Regulator. 


(^F'lH,  S'>.  it,  AttiKut—Octiiicr,  1887.) 
T.     PICOU— The    Transformei-s    of    Zipemowski,    Dpri,    and     Blathy, 
BOCI^TE    BELOE    DES    ELBCTBICIENS  — Teltphouy     between 
Towoi, 


(Annnleii  Jtr  Phyaili  iind  Cfitmw,  V-}1.  31,  Ft.  S,  No.  7,  1887.) 
OBERBECK—Elcc<ro-motive  Force's  of  Tbin  Filmi,  and  Ihuir  Uelniioiis 
to  Mulccular  Phyaici.  D.  GOLBHABIHEB — InQuance  of  MagneliMtion 
on  the  UoQductlTity  of  Metals.  S,  aOLDHAHHE&-Th eory  of  Hall's 
Phenomenon.  W.  KABEBXiEIIT — The  Rel.ttioDB  of  Electrical  Qnaji- 
titiei  and  the  Efficiency  of  Acciimul^tom.  H.  HERTZ — Very  R3pi>l 
Blectrical  Fitlsatiouf.     B.  MAHBWOIJ)— Atmoapheric  Electricity. 

(r«l.  SI,  Pt. «,  So.  So,  1867.) 
WABEUBG-^  Disintegration   of    (he  Kathodei   in    Spark   D-ichai-gci. 
F.  KIMSTEST — Note  on   my  Determination  of  the  Ohm,     O.  GBO- 
TKIAK — Simple  Ueana  uf  Qradualing  a  Oalvanometer. 

(r-i.31,Pt.  5,  No,  811,1887.) 
VON  BTTINOBHAUSEN-A  New  Polar  Action  of  MaeTietiim  on  Gal. 
vanic  Heat  in  certain  Sulnt.incea.    W.  VEBNST — Electrv). motive  Furce 
prodoced  by  Magnetism  iu  Metal  Plates  traveraed  by  a  Current  of  Jh'iir, 
VOL,  XVI.  42 


ABTICLBS  BELATINO  TO  ELBOTBICZTT,  Tta. 

LBOLTZKAVH— Action  of  M>iLgn«tinii  on  Electric  Di»clur,[esinRaKfled 
Gas:>.  Z.  PFaiFFEB— CondactiTity  of  Pare  WaKr,  and  iu  Tempan- 
tuT«  C'u-iilk'ieni.  T.  BBAW— '^-lectrical  Fropertiet  of  Bock  Bait.  B. 
K]XCK£— Pyni-^leclncilj.  F.  BICSJSZ — Explsrution  of  Uie  Fot- 
matioQ  of  Furcoide  of  Hydrogen  at  Ihe  Anode  in  the  Electroljtis  ol  Dllntc 
Sulphuric  Acid.  B.  JAHN — Yalidit;  ol  Joule's  Law  for  Electroljles. 
B.  E.  J.  O.  DU  BOIS— Ua^elic  Cirvalar  Piilariiaticin  '.:<  Cobalt  and 
Kickel.  J.  SPIE8S— Spark ■  un  the  Surface  of  Wau-r.  K.  BSBTZ— 
Itidueoce  of  Ultra  ViuUt  Xdgbt  on  Electric  Diichurge. 

(rot.  32,  ft.  1,  Xo.  9,  1887.) 

B.  VON  HELKHOLTZ— Experimeata  with  a  Btesm  Jet.    A.  Wtfl.LNEK 

— Beaiduiil  t'harc,-e  and  Inilu<''ti<>ii  in  Dielecr.rict.  F.  EXETER — Ci.iiit^^L 
TLeuty.  W.  HAZ.Z.WACHS— Exner'a  dcUct  Tlieorj-.  J.  EXSTBB 
anfl  H.  OEITEL— Electricily  Produced  by  the  Friction  of  Drofis,  W. 
HAKKEL— Electrical  Polarity  of  Quartz.     8.  KA^ISCBEB— Condac- 

iLviry  ul  IllujniTiHted  Selecium.  3.  aUBZIN— Elecirulj-tic  Separation 
of  a  MetAl  at  the  Free  Barluce  of  a  Ssliao  t7<.>luti>iii,  p.  STBEINTZ — 
£iperiments  on  Oalvaoic  Polarisntii>n.  E-  H&OA— Tii^ii.'pjir  i:f  Heat 
by  the  Elei-lric  Correnl.  A.  VON  WALTENHOFEN— Sew  lUsearchea 
on  a  Formula  of  Magnetisntjiiti.  F,  BCSmCANN—E lectio- m»ga«ttc 
Bolation  Phenomena  of  Fluid  Coodactors. 

Crol,  32,  Fl.  2,  So.  10, 1887.) 
T.  KOIiACEZ — The  Qiipcrslon  Theory  from  the  Btandpolnt  of  the  Electro. 
magnetic  Theory  of  light. 


(Britiatfcr,  FdI.  II,  Ft.  C,  1887.) 
MOENNICK— Differential  Inductor,  t.  FAXKIEItl-Caaiie  ot  ilie 
L'liai.yi^  -A  Inltiisiiy  ot  B.itluriea,  and  Mfin«  to  I'ri;veiii  ii.  W.  E.  CASE 
AUBUBNE— Change  of  Htat  into  Electricity.  C.  VON  NEUMANN— 
Hvw  Buttery.  B.  EIBENH ANN— New  Battel?.  C.  OASSNEB— 
New  Batlery.  A.  RETNIEB— U^'e  of  Uofferdam.  WUNDEBIiICH- 
EISELE— New  Self- i-u tali ng  Battery.  K.  T.  EDBLMANN— Xi;w 
Pocket  Damell  Cell.  W.  BOBCHEBS— New  Sattery.  A.  BATTEIiLI 
— The  Thomson  Effect.  E.  SBBCHSEL— Elect  ro-iiyn  the  tic  fiesearchei. 
A.  XiEUFOLD—Cona  I  ruction  of  Sulenoids.  M.  T.  EDBIiHANN— 
Very  Simple  Pocket  Mirror  Galvanomeler,  M.  T.  EDELUAMH — 
Iicad-lieat  Telescope  Galvanometer.  O.  F.  GBIHAI^DI — InSuence  oC 
Uagnttiiui  oti  the  Thermo -electiic  Propaitiea  of  Bismuth. 


(nf.  11,  Pt.  7,  1(187.) 
P.  HAOBINI— Production  of  Electricity  by  Condewation  of  Steam. 


ABIICLE8   RELATING  TO   ELECTBICITY,  Ere. 
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(Tot.  11,  PI.  B,  I88T.) 
T.  W.  BNaELUAKN— The  Resistance  t^crew— A  New  RSieoatat.     C.  VON 
NEUMANN  —  Sew    Uatterj.      H.    N.    WAXOZVI  —  New    Buttery. 
EISENMANN  —  Now    Batterj.       SCEOKBMAHN  —  New    CBtbf.n 

EletlraUi.',  O.  ASLER—Cnergj'  nnd  Conditions  of  Equilibrium  of  a 
Bysiem  of  Dielecl.ri>:  Pularised  BoiIjeB.  O.  ADLER — Rntio  i>f  Energy 
uml  EfTect  iu  C<^ndeiiBers.  H.  HAOA  —  Experinienta  uii  TliamKin'* 
Tliermo-olectric  Effect.  X.  EOBELIN  and  S.  XEBJBSCBIS— Mag- 
neiiaation  uf  Mixturei  of  Iron  and  Cliarcoal.  C.  UABANOONI — 
BimiUrities  of  Electricity  and  Light.  O.  H.  C.  QBINWIS— Irillut^riue 
of  C<  mductora  on  tlie  Distribution  of  Electrical  Energy.  J.  ELSTEK 
and  H.  OEITEL — Cuuse  ot  Electricity  in  Cloads. 

{Vol.  11,  Ft.  9, 1887.) 
A.  ROSEN— SliIuI  ion  of  nn   EtectrosUtic  Problem,     O.   TUHLIK8   and 
A.  KBUG— Change  of  Resistance  of  Glowing  'Wirrt  with  tbu  Current 
Klrcngtb,      W.   OSTVALD — Kuhlrauxch's  Electro -chemical  Lnw.     A. 
KIOHI—TherniHl  Conductivity  of  Uiamuth  in  the  Uaguetic  Field. 


(EJMToUrhniicha  Ziitichrifi,  Fiil.  B,Ju.ne,  1887.) 
^—J>t!-  T.  KOHLaADSCK— Electrolysis  of  Solutions.  Dr.  A.  WULLNER 
^H  Besiduol  Charge  iind  Induction  in  Non-Couducturs.  Dr.  W.  SIEMENS 
^H  — Electricil.T  Meters.  Dr.  W.  POERSTEB — Electric  Tlnie-Signnls  on 
^H  Uie  German  Ci'nats.  Dr.  EABSTEN— Telephone  Sirens.  E.  OUINAUD 
^H  — Electro-iiyTtamii.'  CuntTt  Balnnce.  Dr.  J.  KOIiLEBT—AImuapheria 
^H       Electricity.    K.  WIESNXS— Duplex  Telephony. 

l7a!.8,July,  1887.) 
Dr.  X.  STSECKER — Kriiis'a  Compensation  Photometer.  Dr.  A.  VON 
WALTENHOFEN— Indite tinn  and  Conneotiona  of  Magneto  Slachincs. 
Dr.  S.  KBUSS— Kincianey  of  Central  auurccs  of  Light.  Dr.  J. 
KOIiIaERT  —  AtnioRiiheric  Eleclricily.  J.  SACK — Telegraphy  with 
Alli-iTiate  Currents.  Dr.  PIBANI — Eiectro-BIagneta  in  Telephone 
Circuits.    Prof.  X.  PnCHS— Iiee"'at...r  Clock. 
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(7d.  8,.airy«i*,  I8B7.) 
HttmEEL— Dynamo  Machines,  E.  GUINAUD— The  Dynamo  Macbinea 
of  tLe  Zurich  Telephone  Co.  Dr.  H.  XKUSS— Photometry  of  Arc  and 
OIow  Lamps.  O.  CAUT£K — Mc.iaaremcnt  of  the  luteiual  Resistance  of 
BalttTii^a  by  menns  of  the  Differential  Galvanometer.  Dr.  A.  VON 
WALTENfiOPEN— On  a  Phenomenon  produced  by  Current  Vibration* 
of  Dynamos.  O.  CAUTEB^-Onttino'e  Duplex  Telegraphy.  J.  SACK^ 
Open  and  Cloae  Uircoit  Oonnections. 


ARTI0LE8   RELATINQ   TO   ELEOTRrCITY,   Etc. 
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(Vof.  8,  Septomtn-,  1887.) 
.  JtOH^HANH — £<Iiion'B  Pyro-magneUc  Madiinea.  C.  BVBCHKIEXt — 
Fi«clungei''s  New  Dynamometer.  A.  LXSSITEK — Tlii:  Iiicriiase  of  Arma- 
ture Hea  in  tan  ce.  Dr.  A.  VON  WALTEBTHOrBN— RemorkaoD  Fr&licb'* 
Tlieury  of  tUe  Dynaniij.  Dr,  O.  rKOLICH— Reply  tu  ab.ive.  Dr.  X- 
OERLAMD— Lateflt  Impruvemeutt  in  DynatnOB.  Dr.  FIRANT—Tbe 
Regulation  ot  Trunnforuibn  connected  in  Berien,  X.  WIZISITXK— 
RelajB  for  Weak  Ourreiita. 

tFoI.  8,  Cktobtr.  1887.) 

Dr.  E.  HOPPE— Unipolitr  InductioD.  Dr.  DOBH— Unpolariaable  EartU 
rtaltii.  Dr.  H,  QEKLAND — L&leat  Improvements  in  Dyiiun<j  MacbincH 
H.  HUBSCHUAirxr — Bir  W,  Tbomson'fl  New  Measuring  InstramenLs. 
W.  SAIiTZUAHN— Soui-cen  of  Light  witli  Curved  Surfaces  iu  Photo, 
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An  ExtraordLtiary  General  Meeting  of  the  Society  was  held  at  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street, 
Westminster,  on  Thursday  evening,  December  1st,  1887— 
Sir  Chables  T.  Bright,  President,  in  the  Chair. 

Tlie  minutes  of  the  previous  meeting  were  read  and  approved. 


The  President  invited  the  meeting  to  resume  the  diacnasion 
upon  the  two  papers  read  at  the  previous  meeting,  viz.,  that  "  On 
"  Home  Instruments  for  the  Metisurement  of  Electro-motive  Force 
"  and  Electrical  Power,"  by  Dr.  J.  A.  Fleming,  Member,  and  C.  H. 
Gimingham,  Esq.;  and  that  on  "  Portable  Voltmeters  for  Measur- 
"ing  Alternating  Potential  Differences,"  by  Profe88or§  W.  E. 
Ayrton,  F.R.S,,  V.P.,  and  John  Perry,  F.R.S.,  Member. 

The  discussion  was  resumed  by 

Mr.  AlexaJiDER  Siemens,  who  said :  I  was  very  glad  to  hear  Br.  ^t. 
Fleming's  jwiper,  and  to  see  a  new  form  of  the  dynamometer  which 
was  originally  designed  by  Von  Heftier  Alteneck,  and  has  been 
made  for  some  time  by  our  firm ;  and  I  have  brought  here  this 
evening  an  instniment.  which  represents  the  latest,  form  in  which 
it  has  been  made.  In  using  it  mercury  cups  are  employed,  which 
work  perfectly  well  on  land,  but  are  not  suitable  for  use  on  board 
ship.  The  current  is  indicated  proportional  to  the  square  roots  of 
the  reading  limiting  the  range  of  the  instrument.  Tliat  has  been 
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portly  overcome  by  putting  tvo  coils  in  all  the  clynamomcters. 
Still  the  arraDgemeot  was  inconvenient ;  and  some  time  ago  Mr. 
Eaworth,  who  was  at  that  time  in  our  eDii>loy,  and  who  was  very 
much  engaged  in  fitting  up  ahips,  hit  u^mn  a  plan  which  has  been 
modifieci  at  our  works  and  the  instrument  produced  which  is  Buit- 
able  for  use  on  board  ship  and  lias  a  great  range.  It  is  direct- 
reading— that  is,  the  currents  are  directly  projxirtional  to  the 
deflections — and  at  the  same  time  there  are  no  movable  contacts, 
which,  I  am  a&aid,  would  be  rather  a  source  of  trouble  in 
Dr.  Fleming's  instrument.  Dr.  Fleming  mentions  in  hia  paper 
that  it  would  be  bad  to  have  iron  in  a  dynamometer,  owing 
to  the  variation  of  the  remanent  magnetism ;  but  we  have  ova- 
come  tliat.  difficulty  in  this  way,  A  cylinder  of  iron  ia  pivoted 
between  two  fixed  points  in  the  usual  manner,  so  as  to  make  the 
friction  as  small  as  possible.  It  carries  two  iron  arms,  which  are 
very  thin  and  flat  j  and  at  right  angles  to  these  arms  a  pointer  i» 
fixed,  (he  same  ns  in  the  other  dynamometer.  At  the  top  is  a 
spring  which  counteracts  the  influence  of  the  current.  The  cur- 
rent enters  the  instrument  through  one  terminal,  goes  round  the 
iron  cylinder,  then  passes  over  and  under  the  two  arms,  and  away 
to  the  other  terminal.  The  instrument  is  so  arranged  that  with  a 
very  small  current  the  two  tliin  iron  arms  are  magnetised  to  their 
greatest  extent ;  and  if  the  dial  of  the  instrument  is  inspected  at 
the  close  of  the  meeting  it  will  be  eeen  that  the  divisions  at  Brst 
are  proi>ortional  to  the  stjuare  root  of  the  angles  through  which 
the  torsion  spring  has  been  turned;  but  with  a  current  of  10 
amperes  the  arraa  are  quite  saturated,  and  are  deflected  by  larger 
currents  directly  in  proportion  to  I  he  current.  It  can  be  used  ia 
any  [wsition,  the  moving  parts  being  balanced.  It  has,  however, 
the  drawback  poasessed  by  all  these  spring  dynamometers :  it 
cannot  be  left  in  circuit  for  a  long  time  without  the  spring  getting 
a  permanent  set;  it  is  therefore  always  advisable,  if  really 
accurate  readings  are  desired,  that  with  this  instnmient  a  switch 
be  used,  so  that  it  can  he  thrown  out  of  circuit  as  soon  as  a  reading 
has  been  taken. 

With  regard  to  determining  the  volts  of  an  alternate  current, 
we   tried  to  do  it  in  1^.13  ■waj-.  Nfe  Wn^  \i^"ca  a.  wattmeter  as 
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ionstructed  by  Sir  W.  Siemens ;  it  is  the  same  form  as  the  d\Tja-  Mr. 
moraeter,  only  Iho  fixed   coila   have  many  convolutions  of  fine 

jBrire,  and  the  direct  cnrrent  goes  throngh  the  Bwinging  coil  only. 
Measurements  are  taken  by  passing  the  currents  throngh  the 
■  wattmeter  and  the  dynamometer  in  succession ;  then,  dividing 
the  one  result  by  the  other,  the  number  of  volts  of  the  alternating 
current  is  arrived  at.  Anyone  will  know,  of  course,  that  through 
having  so  many  convolutions  there  must  be  a  great  deal  of  self- 
induction;  but  the  instruments  (without  now  going  into  the 
deUils)can  be  graduatedforacertainnumberof  alternations  of  the 
current,  and  they  could  thus  be  used  in  a  central  station  where 
the  machines  are  always  running  at  nearly  the  same  speed.  But  the 
.  arrangement  is  complicated,  and  we  have  not  pursued  with  it. 

||B      The  instrument  which  Professor  Ayrton  has  brought  forward 
as  an  improvement  upon  CaptAin  Cardew's  is  of  course  very  much 

•better  lidapted  to  the  measurement  of  alternating  currents.  I 
tbouglit  it  was  historically  interesting  to  bring  some  of  the  old 
instnimenta  forward,  constructed  according  to  the  ideas  of  Sir 

•iVt'illiam  Siemens,  in  which,  by  the  movement  of  a  lever  actuated 
by  a  thin  strip  traversed  by  the  current,  more  or  less  resistjince 
could  be  brought  into  the  circuit  and  a  constant  cnrrent  main- 

ttained.  The  instrument  before  you  has  got  damaged  on  its  way 
bere,  but  it  was  fitted  with  a  lever  intended  to  hold  a  pencil 
or  some  writing  arrangement,  past  the  point  of  which  a  piece  of 
paper  was  to  be  carried,  whereby  a  record  could  be  obtained  of 

rhe  strength  of  the  current  and  its  variations  in  that  particular 
ircuit.  I  find  in  the  patent  of  Siemens 
The  President  :  What  is  the  date  ? 
Mr.  Alexander  Siemens:  June,  1878.  He  refers  back  to  a 
patent  of  1877,  which  was  taken  out  by  Mr.  Clark  as  a  communi- 
cation from  M.  Lontin,  who  describes  a  lamp  which  was  regulated 
by  a  metal  strip,  through  which  the  current  passes. 

The  President  :   What  ia   the  date   of  the  patent   for  the 

■movable  coil  and  the  fixed  one  ? 
Mr.  Alexander  Siemens;  I  could  not  tell  you. 
The  President:  Before  asking  Mr.  Gordon  for  his  remarks,  The 
will  venture  to  read  the  following  words  from  d.  ¥'\«asi.i\st.^ 


II" 


« 


012 


DISCOiSION. 


[D«ftlil, 


paper:  "In  these  instruments  we  submit  to  the  criticismB  of  the 
"  Society,  the  action  is  wholly  based  on  the  fact  that,  when  con- 
"  ductors  conveying  eh^ctric  currenta  are  arranged  so  that  one  of 
"  them  is  fixed  and  the  other  free  to  move,  the  force  required  to 
"  hold  the  movable  conductor  in  any  given  position  in  the  field  of 
"  the  fixed  conductor  ia  proportional  to  the  product  of  the 
"strengths  of  the  current  flowing  in  these  conductors  respeo- 
"  lively;"  and  that  aeeraa  to  me  very  much  the  same  as  in  Messrs. 
Siemens'  dynamometer  immediately  in  front  of  me.  I  wish  to 
remind  you  that  so  long  as  thirty-five  years  ago  my  brother  and 
myself,  in  a  patent  of  1852  (No.  14,331  of  the  old  law),  on  page  3, 
our  eighth  improvement  compriaea  "  a  standard  galvanometer,  or 
"electrometer,  for  ascertaining  the  exact  amount  of  force  of 
"currents  which  will  give  an  invariable  result;"  and  on  page  8, 
"  The  manner  in  which  our  eighth  improvement  may  best  he 
"  carried  into  effect  is  as  follows : — It  is  well  known  that  the 
"ordinary  needle  galvanometer  gives  no  exact  test,  from  the 
"  magnetism  of  the  needles  continually  varying.  This  we  proixise 
"  to  obviate  hy  making  a  coil  to  react  upon  a  coil,  one  coil  being 
"  fixed,  and  the  other  moving  Irom  it  on  a  current  passing  through 
"  both;  the  moving  one  to  be  suspended  on  an  axis,  and  t«  have  a 
"  pointer  attached  to  mark  the  degreea  of  deflection.  Figure  20 
"  will  explain  the  arrangement — A,  the  fixed  coil,  composed  of  a 
"certain  given  length  and  size  of  covered  wire;  B,  coil  fixed 
"upon  a  centre,  with  pointer  attached,  contact  being  made  by 
"  means  of  two  equal  helices  of  thin  wire ; "  and  that  is  about  the 
same  principle  adopted  in  Dr.  Fleming's  form  of  apparatus.  It  is 
interesting  sometimes  to  eomimre  what  electricians  were  occu- 
pying themselves  u\Kia  with  what  is  being  done  at  present.  I 
will  now  ask  Mr.  Gordon  if  he  will  favour  us  with  his  remarks. 

Mr.  J.  E.  H,  Gordon  ^  As  we  are  Laving  a  discussion  about 
measuring  instruments,  I  thought  it  would  not  be  inopportune  to 
bring  before  the  notice  of  the  Society,  by  your  kind  permission, 
an  instrument  which,  in  the  ordinary  way  of  business,  has  been 
brought  to  my  notice.  The  instrument  I  now  show  yon  was 
made  in  Germany,  and  the  fact  of  its  not  having  been  pre- 
viously shown  in  England  must  be  my  apology  for  bringing  it 
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forward  to-night.  It  ia  intended  to  act  as  a  domestic  meter,  jaet  Mf-ooraon^ 
like  a  gas  meter,  and  is  put  in  the  house  to  register  the  ampere- 
hours  and  indicate  the  number  of  Board  of  Trade  units  used  in  a 
house.  A  great  many  such  meters  have  been  brought  out,  and  a 
meter  basbeenagreatwant  in  the  development  of  electric  lighting 
that  would  enable  us  to  get  rid  of  the  plan  of  charging  a  fixed  rental 
per  annum  per  light  instead  of  charging  people  according  to  what 


they  consumed.  The  meter  before  you  has  been  produced  hy  Dr. 
Aron,  Its  principle  is  thia :  There  are  two  pendulums,  one  being 
an  ordinary  pendulum  (A'J  with  a  brass  weight,  the  other  (A*)  a 
pendulum  of  exactly  similar  length,  \jwt  \U  \k?o  K«'a^\*!v&si,^A  ». 
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uiiGotiioo.  jjermanent  steel  magnet  (B).    Underneath  the  steel  magnet  bob  ia 
a  coil  of  thick  wire  (C).     The  instrument  on  the  table  is  mode  for 

^m  100  amperes,  and  the  coil,  or  copper  rod,  ia  a  quarter  inch  square, 

^M  wound  round  and  round.     When  no  current  is  passing,  tht-  pen- 

^H  iulums  travel  at  exactlj'  equal  Bpeed ;  but  when  a  current  pusses 

^H  through   the  coil   the  repulsion   of  the   steel  magnet  bob   will 

^H  accelerate  that  pendulum  and  cause  it  to  go  faster  than  the  other 

^M  one.     The  clockwork  attached  to  the  top  of  the  instrument  is 

^H  diSereutial.    There  are  two  sets  of  clockwork,  whose  speed  is  regu- 

^H  lated  by  the  two  pendulums  acting  on  the  same  set  of  dials  ;  the 

^H  dials  are  of  the  ordiaary  multiplying  form  used  for  gas  incters. 

^1  Wien  the  pendulums  go  at  uniform  speed,  without  a  current 

^H  passing,  there  is  no  motion  of  the  wheels,  as  the  one  pendulum 

^1  checks  the  action  of  the  other;  but  if  the  jiendulums  travel  at 

^H  different  speeds  motion  is  produced  proportional  to  the  difference 

^H  of  speed — that  is  to  say,  to  the  acceleration.     This  accelcrstion  is 

^H  really  the  sum  of  all  the  currents;  it  is  the  time  integral  of  all  the 

^H  currents  that  have  passed  at  each  instant  throughout  the  month, 

^H  or  three  months,  in  which  the  iDstruuient  has  been  working.    The 

^M  instrument  is  so  simple  that  very  little  need  be  said  upon  it.   There 

^H  are  a  few  mechanical  points  in  it  which  are  of  interest.  Of  course, 

^H  theoretically,  the  instrument  miglit  just  as  well  be  allowed  to  go  on 

^H  all  day  when  the  lamps  are  not  bmiiing  and  no  current  is  passing, 

^H  for  the  pendulums  would  go  at   the  same  spec<I  and  there  would 

^H  be  no  record ;  but  to  save  the  friction  and  wear  and  tear  the  in- 

^H  stmment  is  made  self-locking  by  the  catches  T>',  D*.     As  soon  as 

^H  &  single  lamp  is  put  on,  the  current  passing  through  the  magnet 

^H  G  moves  a  very  light  spring  which  nmkes  contact  and,  by  setting 

^H  up  another  current  ii»  the  magnet  E,  releases  the  catches  1)',  IV,  and 

^H  allows  the  pendulums  to  start.     This  instrument  is  of  n  form  in- 

^H  tended  for  actual  use,  but  we  are  now  dealing  more  with  the 

^H  scientific  aspect  of  the  question,  and  I  would  remind  tlie  meeting 

^H  that  it  is  a  matter  of  common  knowledge  that  the  princijile  of 

^H  this  instrument  was  explained  by  Professors  Ayrton  and  Perry 

^H  several  years  ago  ;  and  1  may  say,  I  think  without  breach  of  con- 

^H  fidence,  that  the  makers  have  arranged  with  those  gentlemen  for 

^H  ^ermiflsion  to  manufaclute  it.   '^u.t,B.s\tw,\.\ifc\\\%U\i.m,eo.t  is  now 


I- 


D1SCUB8I0K. 


615 


made  by  Dr.  Aron,  of  Berlin.     I  have  not  tried  it  mj-aelf  practi-M'-0»«'M 

cally,  but  Mr.  CromptoQ  tells  me  thut  he  has  tried  it  for  some 

time,  that  he  has  made  very  careful  exjiei-iments,  and  has  found 

it  accurate  and  practical. 

The  pRESiDEim  Captain  Cardew,  have  you  anytliing  more  to-rha 

,  I'leaidtDl. 

say? 

Capt.  P.  Cardew:  Really,  I  detained  the  meeting  ao  long  last  Copi. 
time  that  to-night  I  will  only  show  a  little  exjieriniental  instru- 
ment which  is  interesting  »■;  being  tlie  prololype  of  that  which 
Professor  Ayrton  described  in  his  jwiper,  in  that  it  consists  of  a 
stretched  wire  which  is  pulled  in  the  middle  by  a  spring.  There 
is  really  nothing  in  it.  The  spring  is  screwed  on  and  forms  a 
pointer ;  a  little  magnifying  glass  is  fixed  behind  the  pointer,  and 
by  the  aid  of  a  photographic  film,  divided  in  lines,  a  Bcale  is  given 
by  which  readings  can  be  taken.  It  is  only  a  rough  thing;  and 
I  did  not  follow  it  further  beraiuse  it  struck  me  that  it  was 
dangerous  to  pull  the  spring  except  very  slightly,  and  when 
pulled  very  slightly  error  from  friction  was  likely  to  be  caused. 

I      Mr.  W.  B.  Esso> :  Regarding  the  new  instruments  introduced  Mr.B«tan 

"by  Dr.  Fleming,  I  do  not  clearly  see  the  advantage  they  possess 
over  forms  already  in  the  market,  since  all  that  can  be  done 
with  his  voltmeter  can  be  done  with  a  finely  wound  Siemens 
dynamometer,  and  that  without  taking  the  current  through  the 
spring,  which  is  a  very  objectionable  thing.  I  should  imagine 
the  he-ating  and  cooling  of  the  spring  would  cause  its  gradual 
deterioration,  bo  that  after  a  time  it  would  not  have  the  elasticity 
it  at  first  possessed.     Perhaps  Dr.  Fleming  will  say  something  on 

■  this  point. 

i  I  suppose  Dr.  Fleming  intends  his  instrument  to  be  used  as  a 
laboratory  standard  only,  and  not  for  installation  work.  For  the 
latter  we  rc'iuire  an  instrument  which  will  indicate  from  time  to 
time  the  current  or  electro-motive  force,  and  not  an  instrument  ia 
which  the  moving  part  requires  to  be  balanced  by  the  attendant 
before  an  obser\'ation  is  taken.  Any  instrument  of  this  kind  is  of 
fery  little  use  in  an  actual  installation. 

As   regards   the   wattmeter,  I   do  not  think  that  the  profit 
derived  from  the  sale  ofsucli  an  instrument  covnY^Ti^'Ae*  ^Qt  "^^ 
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Mr.  B«Mn.  time  expended  in  deBigning  it,  for  out  of  some  thou^ods  of 
ioBtruments  sold  by  my  6rra  tlie  waltmeterH  have  barely  numbered 
half-a-dozen.  Besides,  nobody  really  wants  wattmeters.  People 
do  not  want  to  know  only  the  power  expended  in  a  circuit,  but  they 
wsnt  to  know  how  the  product  of  volts  and  amperes  is  made  up ; 
and  although  it  is  quite  true,  as  Dr.  Fleming  says,  that  this  can 
be  found  by  using  at  the  same  time  a  wattmeter  and  a  voltmeter, 
it  is  equally  true  that  it  can  be  found  by  using  an  amvieter  and 
a  voltmeter. 

Kut,  leaving  Dr.  Fleming'a  instrument,  I  have  brought  down 
a  standard  which  I  am  sure  will  interest  all  the  members  of  the 
Society.  I  may  say  that  this  instrument  is  the  largest  in  creation. 
It  measures  2,500  amperes,  and  was  designed  for  my  firm  by 
Sir  W,  Thomson.  It  consists  of  a  movable  ring  supported  above 
a  lised  ring,  the  movable  ring  being  suspended  by  two  ligaments, 
each  containing  900  wires  •!  millimetre  in  diameter.  The  current 
ciruulatea  right  round  the  bottom  fixed  ring,  and  divides  in  two 
in  the  top  movable  ring,  half  going  round  each  way.  We  have, 
therefore,  attraction  between  the  fixed  and  movable  rings  on  one 
side,  and  repulsion  on  the  other.  The  force  tending  to  tilt  the 
ring  is  balanced  by  moving  a  weight  on  the  slider,  its  position  when 
the  beam  is  horizontal  indicating  the  magnitude  of  the  current 
flowing  through  the  instrument.  Mr.  Joyce,  who  is  present  this 
evening,  and  who  does  most  of  our  calibrating  work,  would  tell 
you  that  it  is  a  very  difficult  instrument  to  manage.  When  the 
beam  ia  nearly  balanced,  the  slightest  tug  to  the  cord  which 
moves  the  sUding  weight  causes  the  beam  to  kick  dreadfully,  and 
as  a  matter  of  fact  it  ia  almost  hopeless  to  balance  the  current. 
What  we  have  to  do  is  to  put  the  weight  into  a  certain  jwsition 
and  regulate  the  current,  increasing  or  reduciug  it  very  gradually 
until  wo  get  the  beam  balanced,  noting  at  that  instant  the 
deflection  of  the  instrument  l>eing  cahbrated.  Of  course  a 
spring  instrumtnt  is  much  easier  to  work,  because  the  spring 
can  be  made  to  balance  the  current,  or  the  current  can  be 
graduated  to  balance  the  spring ;  but  springs  lack  the  constancy 
of  weights. 

Coming  to  the  Cardew  voXtmetet,  WasftXwwi*^^  4snrev,fec 
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the  purpose  of  comparison,  an  instrument  of  our  latest  form.  "''^•""- 
Thia  instrument,  which  can  be  examined  at  the  close  of 
tlie  discussion,  ia  one  extremely  easy  to  wire.  There  are 
four  wires  in  it,  but  two  only  are  used  to  indicate  by  their 
expansion  the  E.M.F, ;  the  other  two  are  simply  idle  wires 
introduced  as  resistance.  This  instrument  absorbs  some  36  or 
40  watts,  and  from  the  figures  which  Professor  Ayrton  gave 
me  last  time  I  think  hie  absorbs  the  same  amount.  It 
will  be  seen,  however,  that  the  radiating  surface  of  Professor 
Ayrton's  instrument  is  extremely  small  compared  with  the 
radiating  surface  of  ours,  and  I  imagine  the  temperature  must 
be  high.  I  should  like  to  ask  Professor  A^Tton  whether  hia 
instrument  has  been  kept  to  the  full  voltage  for  any  considerable 
length  of  time.  I  do  not  know  whether  it  will  get  to  300"  F.  or 
not,  but  if  it  does  I  imagine  that  the  heating  and  cooling  of  the 
spring  would  affect  its  permanence.     Perhaps  Professor  Ayrton 

■  ■Bill  say  something  about  it. 

■  Professor  Ayrton  has  said  that  in  his  instrument  there  has 
to  be  a  certain  initial  sag  given  to  the  wire:  that  means, 
I  suppose,  a  certain  amount  of  slack.  In  re-wiring  the  instru- 
ment that  amount  of  sag  must  be  left.  I  want  to  know  how  that 
slack  is  adjusted.  I  suppose  there  is  an  adjustment  so  that  when 
the  instrument  is  re-wired  one  can  be  sure  to  have  the  same 
amount  of  sag  as  before.  It  is  very  important  that  instruments 
of  this  class  be  easily  re-wired.  There  should  be  no  necessity  to 
send  them  to  the  maker  for  this  purpose.  I  have  never  wired  a 
Cardew  voltmeter,  but  I  never  looked  upon  it  as  a  very  formidable 
thing  imtil  I  saw  Professor  Ayrton's  instruments.  I  should  not 
like  to  have  to  re-wire  one  of  those.  I  think,  in  the  matter  of 
aimplieity  of  wiring,  the  older  form  of  instrument  has  certainly 
the  advantage. 

Though  expressing  an  opinion  in  favour  of  the  older  form 
of  instrument  for  the  measurement  of  E.M.K.'s  of  V20  volts  and 
upwards,  I  wish  to  add  that  the  instrument  of  Professors  Ayrton 
and  Perry  is  the  only  instrument  whicli  will  measure  satis- 
factorily tfTiuUl  alternating  differences  of  potentials,  for  the 
ohservatJon  of  which  it  was  originally  ilesigneA, 
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Mr.  Sydney  Evershed  :  I  like  the  apjiearance  of  Dr.  Fleming's 
InstroinentB,  although,  like  Captain  Cardew,  I  certainly  expected 
them  tfl  be  on  a  much  larger  ecale.  Their  small  size  is  not  a 
disadvantage,  however,  if  they  are  to  be  carried  about  to  different 
installations.  Dr.  Fleming  sjieaka  of  their  being  direct-reading. 
I  think  that  is  a  misuse  of  the  term.  "  Zero-reading "  instrument 
seems  to  me  n  more  correct  expression ;  and  an  instrument  wUit^h 
is  calibrated  all  round  the  scale,  and  which  indicates  the  (juantity 
to  be  measured  without  any  adjustment  on  the  part  of  the 
observer,  is  a  "direct-reading"  instrumeiit. 

No  one  has  said  anything  about  the  temperature  errors  of 
springs.  I  have  not  had  much  experience  with  them,  but 
I  expect  they  have  a  kind  of  temperatm'e  coefficient ;  pro- 
bably Dr.  Fleming  can  tell  us  whether  Ihey  have  or  no.  1 
am  rather  surprised  to  find  the  authors  of  the  pai>er  have 
used  platinoid  wire  for  their  voltmeters,  because,  as  liir  as 
my  experience  goes,  if  you  wind  a  voltmeter  of  tha.t  tyjie  with 
copper,  and  put  a  platinoid  resistance  in  series  willi  it,  you 
spend  less  power  than  if  yon  wind  the  instrument  solely  with 
platinoid.  Voltmeters  can  be  compensated  for  temperature 
errors  by  several  methods  of  winding,  described  fully  by  Mr. 
Swinburne  in  a  jjaper  read  before  the  British  Association  tUia 
year.  Dynamometers  like  those  before  ua  iire  easily  compensated 
by  shunting  the  movable  coil  with  a  copper  resistance,  and  they 
will  then  read  absolutely  correctly  to  one  part,  in  a  thousand 
at  all  temperatures.  Aa  an  example,  if  the  fixed  coils  are 
ten  times  the  resistance  of  the  movable  coils,  both  being  of 
German  silver,  you  want  the  cojiper  shunt  to  be  three  times 
the  resistance  of  the  movable  coil,  and  the  power  wasted  is  really 
very  small. 

I  had  intended  to  say  something  about  the  comi>ensation  of 
instruments  in  general  for  temperature.  It  is  a  subject  which 
has  been  brought  before  the  scientific  public  by  JMr.  Swinburne, 
and  T  have  been  working  at  it  practically,  but  my  instruments  are 
not  yet  ready.  I  hope,  however,  early  next  year  to  bring  before 
this  Society  a  vollmeter  which  is  not  affected  by  temperature  to 
an  esteDt  greater  than  otie  \iaitV  m  r  \Vvo\iaa.-ad  qv«  &  range  of 
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50°  C.     Moreover,  it  can  be  left  on,  as  the  readings  are  unaffected  >•'■ 
by  tUe  power  sjwnt  in  the  instrument. 

Coming  to  Professors  Ayrton  and  Perry's  new  low-reading  volt- 
meter, it  Bcema  to  me  that  it  is  admirably  adapted  for  testing 
secondary  cells.  There  is  a  distinct  want  for  an  instrument  to 
indicate  up  to  about  5  volts.  There  are  many  inquiriea  for  such 
an  instrument,  but  Up  to  the  present  nothing  really  satis- 
factory has  appeared. 

Professors  Ayrton  and  Perry  object  to  gearing.  Well,  if  you 
want  an  instrument  which  can  be  knocked  about  by  an  engine- 
driver,  or,  in  fact,  anyone  else,  you  had  better  use  gearing.  The 
use  of  it  enables  us  to  do  away  with  the  objectionable  silk  which 
was  passed  round  the  spindle.  There  is  no  objection  to  it  pro- 
vided you  get  good  wheels.  The  perfect  curves  obtained  from 
the  present  ty]>e  of  CarJew  voltmeters  show  us  that  the  wheels  are 
practically  perfect. 

The  amoimt  of  jwwer  spent  was  referred  to  by  Mr.  Esson,  but 
I  fancy  he  was  simply  thinking  of  its  effect  on  the  spring.  I 
have  already  naked  Dr.  Fleming  about  the  effect  of  terapemture 
on  springs ;  but  there  is  another  point  that  occurs  to  me.  In  the 
instrument  reading  up  to,  I  think,  10  volts,  the  power  Bp[)eurs 
to  me  to  be  very  small,  aud  an  instrument  of  that  size  miiy  be 
safely  left  on;  bnt  when  you  come  to  the  "bicycle"  form  the 
power  spent  becomes  considerable.  '  There  is  an  instrument  on 
the  table  which  I  think  reads  up  to  170  volts. 

Professor  AyrtoS:  30  voUs. 

Mr.  Stdsev  KveRshed:  1  am  referring  to  one  on  the  table. 
The  power  spent  in  it  is  something  like  60  watt«,  and  the  surface 
of  the  case  is  not  enough  to  radiate  that  energy;  it  would  get 
very  hot.  In  the  ordinary  pattern  of  Cardew  voltmeter  we  find  5 
to  7  sijuare  inches  of  surface  allowed  j>er  watt,  and  the  inslru- 
ments  get  quite  hot  enough.  I  am  quite  sure  the  instrnnient 
on  the  table  could  not  be  left  on. 

There  is  a  very  curious  point  1  have  come  across  in  making 
Cardew  voltmeters  with  respect  to  the  energy  radiHted  by  fine  wires 
and  by  thick  wires.  If  you  take  a  given  length  of  two  wires  of 
two  different  diameters,  say  one  3-5  mm.  and  another  1-4  mm., 
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and  paBB  currents  through  them  ao  that  they  are  rMsed  to  the 
eaine  temperature  (takiug  expansion  as  a  measare  of  the  tem- 
perature; one  need  not  know  what  that  temperature  is— it  may  be 
something  like  200''  C.)i  one  would  fantiy  that  a  fine  wire  reiiuired 
lesH  power  than  a  thick  one  to  keep  it  at  the  given  temperature. 
I  certainly  expected  that;  and  Captain  Cardew  urged  me  to 
construct  voltmeters  of  tine  wire,  because  they  would  take  le^s 
power,  I  tried  them,  and  found  they  did  not.  In  the  first  experi- 
ment I  made,  the  fine  wire  ^wsitively  took  slightly  more  power 
to  raise  it  to  the  given  temperature  than  the  thick  wire.  1 
repeated  the  experiment  very  carefully.  I  have  taken  one  volt- 
meter, 80  that  I  did  not  use  different  gearing.  I  used  the  same 
wheels  and  the  same  part  of  the  wheels,  and  made  the  strain  on 
the  wires  proportional  to  their  breaking  weights,  so  that  the  wires 
were  under  the  same  conditions.  I  alrung  the  voltmeter  with 
three  different  sizes  of  platinum-silver  wire — 1'4, 2'5,  and  3'5  mm. 
(the  wire  is  apimrenlly  about  the  same  comjfosition,  because  its 
resistance  agrees  with  its  diameter) — and  on  each  occasion  I  raised 
the  wire  to  280°  deflection  on  the  dial,  which  I  make  correspond 
roughly  to  200°  C. ;  and  the  results  were  that  the  watts  spent  in 
the  1-4  mm.  wire  were  38,  in  the  2'5  mm.  wire  36'9,  and  in  the 
3-5  mm.  wire  32-2.  Now  I  cannot  at  present  say  that  those  figures 
are  exactly  right,  because  one  does  not  know  the  exact  com^wsi- 
tion  of  the  wire — it  is  absolutely  essential  that  one  should  know 
thiit — but  it  is  'juite  clear  that  the  power  does  not  diminish  as  you 
diminish  the  size  of  the  wire.  Captain  Cardew  objected  to  that 
because,  he  said,  the  2*5  mm.  wire  fused  at  about  double  the 
current  taken  by  the  l-4  mm. ;  but  that  is  not  the  point  ut  all : 
the  point  is  that  the  power  spent  ought  to  be  greater  with  the  fine 
wire  at  a  given  temperature.  For  instance,  I  tried  the  1'4  mm. 
wire,  and  it  fused  at  ■45  ampfires,  while  the  2-5  mm.  wire  fused  at 
•75  amperes  ;  but  even  in  tliis  case  the  power  was  greater  for  the 
fine  wire.  There  is  really  no  doubt  that  those  experiments  give 
a  correct  representation  of  the  facts.  As  for  a  correct  explanation 
I  am  completely  in  the  dark. 

The  use  of  platinum-silver  in  the   Cardew  voltmeter  seems 
io  have  been  a  very  ba^^y  ide&  oTi  C&^tain  Cardew's  part.    I  have 
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had  a  platinum-silver  wire,  six  feet  long,  hanging  up  for  six  Ut. 
months,  strained  to  half  its  breaking  weight  the  whole  of  that 
time  by  a  weight,  and  with  gearing  applied  to  it  so  that  I  could 
very  easily  detect  a  difference  in  its  length  of]  in  100,000,  I 
first  stretched  the  wire  by  running  a  current  through  it,  as  we 
always  do  for  our  voltmeters :  it  stretched  a  little,  but  in  about  a 
week  it  came  back  to  its  old  length  before  it  was  stretched,  and 
there  it  has  remained  for  six  months,  which  shows  that  we  may 
rely  upon  a  platinum-silver  wire  remaining  the  same  length; 
the  changes  observed  in  the  zero  of  Cardew  voltmeters  being  due 
solely  to  the  springs  used. 

The  Pbesidest:  I  will  ask  Mr.  Swinburne  for  his  remarks,  ^idsm. 
Bnd  remind  him  that  as  several  others  wish  to  speak,  and  as  the 
replies  moat  be  given  to-night,  it  ia  necessaiy  that  observations 
be  condensed  as  much  as  possible. 

Mr,  J.  Swinburne  :  Electrical  engineers  must  be  glad  that  HwiDbmno.  i 
Messrs.  Fleming  and  Gimingham  have  brought  out  an  instrument, 
for  we  may  be  sure  that  great  care  will  be  taken  in  calibrating  it. 
Though  a  few  makers  calibrate  their  instruments  carefully,  inac- 
curate calibration  is  a  much  more  common  fault  in  the  various 
instruments  in  the  market  than  bad  design. 

Those  who  have  spent  much  time  designing  instmments  in 
which  the  force  between  two  wires  carrying  currents  is  measured, 
must  have  come  across  the  difficulty  of  arranging  the  coils  bo  as 
to  get  a  large  force  with  little  waste  of  energy  in  a  zero  instni- 
raent  without  making  it  in  unstable  equilibrium.  For  instance, 
two  fixed  coils  of  the  same  size,  with  a  common  axis,  are  in 
stable  equihbrium  when  the  current  attains  a  certain  value. 
One  cannot  but  admire  Messrs,  Fleming  and  Giminghara's 
ingenious  way  of  getting  a  large  force  with  stable  equilibrium. 
Their  arrangement  also  prevents  errors  from  the  instrument  being 
,t  of  balance,  as  the  induction  ia  practically  radial.  I  presume 
the  diagrams  are  incorrectly  drawn,  and  that  the  direction  of  the 
current  on  one  side  is  really  the  reverse  of  that  shown.  The 
instrument  is  then  unaffected  by  neighbouring  dynamos,  being 
astatic.  Instmrneuts  with  one  moving  coil  have  to  be  read  twice 
with  the  current  in  different  directions  under  such  circumBtauccs^ 
be  mean  between  the  readings  being  taVeiu 
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Bijinb  ^  '^°  ^°^  think  there  is  any  objection  to  bringing  the  etecf  ricity 

in  by  the  spring ;  the  surface  is  so  large,  and  the  current-density 
BO  small,  that  there  is  no  perceptible  heating.  Taking  it  out 
again  by  a  metalUc  point  seems  much  more  object itinable.  I 
have  tried  making  contacts  through  points  on  vhich  the  moving 
coil  rocks,  but  found  that  the  instrument  soon  lost  its  sensitive- 
ness. I  have  also  used  two  springs:  the  electricity  came  in  by 
one  and  went  out  by  the  other.  This  works  very  well,  but  is 
difficult  to  apply  to  zero  instmmenta.  The  temperature  error 
cannot  be  large,  as  the  cheapest  watch  is  a  very  accurate  instru- 
ment compared  with  a  voltmeter.  A  temperature  of  100°  doea 
not  seem  to  weaken  the  springs  used  in  safety  valves  and 
indicators,  eo  there  is  no  reason  to  suppose  voltmeter  springs 
would  vary.  I  am  glad  to  see  the  prejudice  against  springs 
dying  out,  and  hope  to  see  that  against  permanent  magnets 
follow.  Messrs.  Fleming  and  tiimingham  do  not  say  whether 
they  intend  their  instrument  for  alternating  currents;  if  so,  there 
will  be  no  error  due  to  the  mutual  induction  of  the  coils  when 
used  as  a  wallraeter.     This  is  absent  from  Siemens'. 

A  method  of  compensating  for  wattmeter  errors  was  also 
explained  in  my  British  Association  (laper  already  referred  to; 
this  can  be  easily  apphed  to  the  instrument  before  us. 

Whenever  I  can  possibly  do  so,  I  "go  for"  Professor  Ayrton, 
partly  on  principle,  but  chiefly  because  I  think  he  likes  it.  To- 
night I  cannot  do  so.  I  very  much  regret  it.  Everybody  has 
coveted  Captain  Cflrdew's  hot  wire,  and  each  of  us  has  wished  he 
had  invented  Professors  Ayrton  and  Perry's  beautiful  helical 
spring.  It  is  esactly  what  one  wants  in  designing  all  sorts  of 
instruments.  But  if  Professors  Ayrton  and  Perry  wish  to  raise 
this  beautiful  instrument  above  the  level  of  a  vottscope,  I  think 
they  must  compensate  it.  Captain  C-ardew's  voltmeter  has  to  be 
compensated  by  making  the  case  with  the  same  expansion  co- 
efficient as  the  platinum-silver  wire ;  as  the  case  cannot  be  made 
of  platinum-silver,  it  is  made  of  brass  and  iron.  It  has  also  to  be 
corrected  for  alterations  of  resistance  with  varying  external 
temperatures. 

In  measuring  altenaaVing  corcftnU  a  voltmeter  that  measures 
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the  root  of  the  mean  square  is  of  no  use  on  the  primary  circuits. 
Secondary  circuits,  again,  nearly  always  feed  iucandescent  lamps. 
People  do  not  seem  to  realise  that  lamps  do  not  behave  like 
resistance  ;  they  flicker  to  some  extent,  esiTecially  if  the  carbons 
are  thin.  This  makes  them  apparently  run  at  a  higher 
efficiency  and  break  sooner.  A  fine-wire  voltmeter  such  as 
Professors  Ayrton  and  Perry's  mnst  flicker  to  some  eitent 
also.  In  using  a  hot-wire  instrument  for  alternating-current 
work  several  assumptions  are  made  which  do  not  seem  altogether 
warrantable.  First,  it  is  assumed  that  the  wire  radiates  heat 
uniformly  without  flickering.  Second,  that  the  current-density 
is  uniform  throughout  the  section  of  the  wire,  or  that  it  corre- 
sponds to  the  current-density  with  a  direct  current,  which  is  not 
quite  uniform,  because  the  inside  of  the  wire  is  hotter  than  the 
outside.  It  must  also  be  remembered  that  the  mutual  induction  of 
the  electricity  streams  affect  the  current-density  with  alternating 
cun-entB.  Third,  that  the  temperature  throughout  the  cross- 
section  is  the  same  as  with  the  corresponding  direct  current. 
Fourth,  that  the  instrument  has  no  appreciable  self-induction. 
I  have  not  calculated  it  out,  but  it  seems  as  if  a  very  thin  wire 
might  cause  a  sensible  error ;  and  I  would  like  to  know  if  anyone 
has  calculated  the  self-induction  of  a  Cardew  and  of  a  Siemens 

j^mstrament,  or  measured  it. 

^B  Lieut  .-Colonel  It.  Y.  ARMSTRONa,  R.E. :  I  would  ask  to  what 
extent  Professor  Ayrton'a  instrument  is  affected  by  external 
changes  of  temperature)  and  I  should  be  also  glad  if  Dr. 
Fleming  would  give  ua  information  on  the  same  point.  Further, 
I  would  ask  to  what  extent  these  instruments  can  be  used  as 
standard  instruments,  as  I  do  not  think  anything  has  been 
said  as  to  the  degree  of  accuracy  with  which  they  woultl  work. 

The  President:  Mr.  Swinburne  referred  to  Jlr.  Gimingham, 
and  as  that  gentleman  is  present  I  will  ask  if  he  has  any 
remarks  to  make  in  addition  to  what  we  have  heard  from 
Dr.  Fleming  about  his  inBtnunent,  as  be  was  absent  at  the 
reading  of  the  paper. 

^b  Mr.  C.  H.  GIMI^'G^AM ;  I  am   mach  obliged  for  the  oppor- 

^ranity,  but  I  have  carefully  read  the  paper  that  Dr.  Fleming 
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Mr.  has   arranged,  and   quite  coincide   with   all   that  he   said,  and 

Glmlrghun  "  ^ 

I  really  have  nothing  to  add  to  it. 
P"pt-  Captain  H.  E.  Sankey,  R.E.  :  I  would  simply  ask  Professor 

Ayrton  what  kind  of  fuse   he  would   put   on   hia   instruments. 

I  believe  the  wire  in  them  is  "0004  mm.  in  diameter,  which  is 

the  finest  that  can  be  made. 
Mf.  Mr.  C.  E.  Spagnoletti:    I   would  ask   to  what   extent   the 

instruments  have  been  practically  used. 
Mr.  Mr.  C.  G.  GiJMPEL;   There  is   one   point  to  which  t  should 

GUmpaL 

like   to   call    attention,   as   I    find   it    has   only    been    slightly 
touched   upon   by   Mr.  Esson ;    but  before   I   do    bo    I    should 

^b  like    to    support    our    Chairman    in    his   introductory   remarkii 

^m  at  the   last  meeting  with    regard    to    two   papers   being   read 

^M  and  discussed  together,  which  I  certainly  believe  is  a  habit  that 

^m  is  not  advisable.      Suppose  you  go   to  an  electrician   and  ask 

^M  him  for  an   ammeter,  and   while   you    discuss   with    him    the 

^M  merit  of   his   ammeter   he  wfre   to   tell   you   about   wonderful 

^M  voltmeters  he  had,  then  turn  to  ergmeters,  and  so  go  over  the 

^M  whole   range   of   measuring   instruments,  turning  from   one   to 

^B  another,  and  occasionally  referring  to  the  ammeter,  we  would 

^H  soon   tell   that   electrician   that  it   was   no   use   talking    about 

^M  other  things  when  an  ammeter  only  was  wanted.     So  to-night 

^M  speakers  have  wandered  from  one  thing  to  another  and  gone 

^B  back  to  the  first  again ;  and  I  believe  it  is  exactly  the  same  aa 

^K  I  often  find  in  discussing  philosophical  questions — that  there  ia 

^M  great,    difficulty   in    following    controversialists   who   pass    from 

^B  subject  to  subject :    nothing  is  more  beneficial  than  to  thrash 

^M  out  one  paper,  or  iustruraent,  before  going  to  another.     As  one 

^M  of  those  who  voted  in  favour  of  the  President's  proposition  last 

^M  meeting,  I  was  sorry  to  find  that  the  papers  were  mixed  up; 

^B  we  never  get  clearly  at  the  ideas  of  the  speakers  against,  or 

^M  for,  one  or  the  other— at  least,  not  ao  clearly  as  we  should  like 

^M  to  hear  them. 

H  I  should  like  to  make  a  few  remarks  about  Dr.  Fleming's 

^M  wattmeter   and   his  voltmeter.       It   strikes   me  that,  generally 

^K  speaking,  it  is  not  an  instrument  of  the  future  in  the  workshop, 
^■^     for  the  simple  reaaon  ikOit  \t  doe&  ^ciot  avoid  the  disadvantages 
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of  the  Siemens  electro-dynamometer:  it  is  not  free  from  Bell- Mr. 

G  Unjpat* 

induction,  it  must  be  levelled,  its  contacts  are  very  doubtful ;  and 
it  is  much  more  an  instrument  of  the  laboratory  than  of  the 
workshop.  Other  speakers  have  dwelt  upon  various  points  with 
.regard  to  it,  and  I  will  not  dilate  upon  them  more. 
^H  Since  we  have  been  wandering  from  one  subject  to  another, 
I  take  the  liberty  of  doing  the  same,  and  refer  to  T)r.  Arou's 
nmp6re-meter.  When  Professor  Gordon  set  the  two  pendulums 
going  it  reminded  me  of  the  Emperor  Charles  V.,  who  found  the 
greatest  possible  difficulty  in  making  a  number  of  pendulums 
oscillate  in  equal  time;  and  anyone  who  has  attempted  to  adjust 
a  pendulum  for  exact  time-keeiiing,  such  as  is  insisted  upon  by 
Sir  Edmund  Beckett  Dennisoij  in  his  book  (as  I  have  found  to 
my  coat),  will  be  aware  of  the  great  difficulty  of  doing  bo  on 
account  of  the  extremely  fine  adjustment  required.  These  two 
Itenduhims  in  Dr.  Aron's  instrument,  unless  they  are  very  closely 
adjusted,  will  show  a  certain  difference;  and  that,  to  my  mind, 
makes  that  instrument  doubtful  in  regard  to  ita  accurate  indi- 
cations. 

I  now  come  to  the  point  I  wish  chiefly  to  arrive  at,  which  is 
to  ask  Professor  Ayrton  whether  his  experience  has  led  him  to 
Bee  what  influence  the  repeated  tension  and  contraction,  or 
expansion  and  contraction,  of  the  platinum  wire  against  the  spring 
has  had  upon  the  accuracy  of  the  instrument.  I  should  think 
that  a  thin  wire — of,  I  understood,  -04  mm.  in  diameter — would 
stretch  by  being  constantly  in  tension  with  the  spring;  and  as  it 
elongates  no  doubt  it  becomes  weaker,  but  still  has  such  a  pull 
upon  it  that  it  will  never  allow  the  wire  to  get  back  to  ita  original 
condition.  The  wire  itself  would  alter  its  molectilar  structure, 
and  so  ultimately  make  it  leas  accurate  in  ita  indications.  I 
mentioned  this  to  Professor  Gordon  previous  to  hia  remarks  last 
meeting,  and  be  answered  by  saying  that  the  voltmeters  were 
adjusted  every  day. 

Mr.  J.  E,  H.  Gorhon:  The  adjaatoient  was  extremely 
email. 

tMr,  C.  G-.  GtJMPEL ;  Yea ;  but  still  sufficient  to  necessitate  it, 
t  has  been  aomewbat  modified  in  Professor  A'jrt.o'a'ft  \^?twKBfcvA, 
..... 
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though  I  do  not  know  how  it  is  possible  to  avoid  it  except  by  an 
adjustment  of  the  wire  and  the  spring. 

Dr.  J.  A.  FlemdiO,  M.A.,  in  reply,  said :  In  the  first  place,  on 
behalf  of  Mr.  Gimingham  and  myself,  I  beg  to  return  to  the 
Society  oar  thanks  for  the  kind  way  in  which  our  paper  has  been 
received,  and  for  the  useful  criticisms  which  have  been  made  by 
different  spenkera  upon  these  instruments,  As  far  as  possible  I 
will  endeavour  to  take,  very  shortly,  in  order  the  remarks  of  those 
who  have  spoken, 

I  agree  witli  Jlr.  Gordon's  remark  that  one  of  the  rno^t 
pressing  wants  is  really  a  good  engine-room  voltmeter — one  which 
can  be  seen  across  a  large  engine-room,  and  which  gives  a  gooil 
indication  for  a  pressure  of  1  volt  in  the  neighbourhood  of  thp 
pressure  which  you  are  using.  Our  intention  iu  designing  this 
voltmeter  was  not  to  produce  au  engine-room  voltmeter,  strictly 
speaking ;  and  therefore,  that  being  so,  I  cut  away  the  ground  of 
some  imrt  of  Mr.  Gordon's  criticism,  in  which  he  stated  that  an 
instrument  over  which  an  engineer  or  dynamo  attendant  would 
have  to  stoop  would  be  objectionable. 

I  did  not  in  the  paper  give  the  dimensions  of  the  spring, 
but  tbey  are  as  follow; — The  spring  is  formed  of  steel  wire  of 
rectangular  section,  the  dimensions  being  6  mils,  by  8  mils.,  and 
the  cross-section  of  the  spring  is  therefore  48  square  mils. 
When  the  instruments  are  taking  about  1-I5th  or  l-20th  of 
an  amp&re,  the  current-density  in  the  spring  amounts  to 
1,000  amperes  per  square  inch,  which  is  quite  a  safe  current- 
density  for  a  wire  of  such  small  section.  The  spring  itself 
will  not  become  heated  above  a  temperature  of  60°  C.  if  the 
current  is  left  on. 

Turning  to  the  instrument  which  Mr,  Alexander  Siemens 
has  presented  to  us,  and  which  is  upon  the  table,  there  is  no 
doubt  that  the  instruments  that  we  have  brought  forward  are 
precisely  of  the  same  type ;  the  principle  of  the  electro-dyna- 
mometer is  of  course  not  new.  The  first  person  to  arrange  an 
electro-dynamometer  was  Weber,  and  the  original  instrument  is 
described  in  his  work,  "  Elect ro-dynamische  Maasbestiramungen," 
published  in  1846, 
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I  am  very  glad  to  see  upon  the  table  that  instruraent  ivhich  i>r. 
Mr,  Esaon  has  had  jilaced  there  of  Sir  Win.  ThoraBon's.  I  had 
a  letter  from  him  only  the  other  day  describing  that  instrument 
to  me,  and  telling  me  that  it  differed  in  some  details  from  the 
instruments  which  he  brought  before  the  British  AaaocJation  last 
meeting.  We  have  in  our  laboratory  two  of  Sir  W,  Thomson's 
standard  current  meters  of  that  tyi>e,  which  we  use  constantly 
as  standards.  Tliey  are  certainly  very  beautiful  instruments,  and 
could  not  but  bp  so  when  we  recollect  the  immense  ingenuity 
and  wonderful  tlieoretJcfll  knowledge  which  Sir  W,  Thomson 
brings  to  bear  upon  all  that  he  does<.  But  at  the  same  time  it 
most  be  admitted  that  the  instruments  themnelves,  in  their 
present  form,  are  not  very  portable  standards.  We  use  our 
standard  instruments  for  making  comparisons  of  other  instru- 
ments, and  they  are  never  raoveil  from  the  place  where  they 
are  set  np. 

With  respect  to  the  effect  of  the  current  on  the  elasticity  of 
le  spring.  Sometimes  objections  which  seem  formidable  in 
anticii>ation  do  not  turn  out  to  be  very  great  in  practice.  We 
have  tested  the  instrument  by  keeping  the  current  on  for  a  long 
time,  and  we  have  not  found,  when  the  instrument  has  been  kept; 
in  circuit  for  some  time,  that  there  is  any  alteration  of  reading  due 
to  change  in  the  elasticity  of  the  spring  within  the  limits  which 
the  instrument  is  intended  to  read. 

I  was  very  glad  to  hear  Mr.  Evershed's  remarks  on  the  instm- 
ments,  because  I  know  that  he  has  paid  great  attention  poetically 
to  the  manufacture  of  electrical  measuring  instruments ;  nnd  I 
agree  with  his  remarks  that  the  instruments,  by  being  wound 
partly  with  copper  and  partly  with  platinoid,  might  be  made  to 
take  less  power  than  they  do  if  they  are  wound  entirely  with 
German  silver  wire.  But  one  reason  which  makes  us  prefer 
German  silver  to  one  entirely  of  copper  ia  that  it  is  then 
nnneceesajy,  in  practice,  to  proride  people  with  a  vaiialion 
coefficient.  If  a  voltmeter  is  wound  entirely  of  copper,  as  many 
instruments  are,  then,  in  spite  of  the  fact  that  the  coefficient  of 
variation  may  be  given  inside  the  case,  people  vtill  take  out  the 
oltmeter  and   nse  ft   without  applying   an^   coeSmXeiA,  «*.  »&. 
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Let  us  see  wliat  would  be  the  effect  if  inetrumeiits  wound  with 
copper  alone  were  used  by  a  not  very  highly  trained  person  wha 
simiily  disregarded  the  coefRcient,  Snpiwse  the  instnimenta  ore 
correct  at  15°  C,  and  are  marked  to  that  effect :  if  they  are  used  in 
an  engine-room  at  35"  C,  and  the  electro-motive  force  also 
measured  by  them  at  a  point  in  the  open  air  which  is  at  5°  C,  the 
voltmeter  would  re-ad  8  per  cent,  too  low  in  the  engine-room  and  4 
per  cent,  too  high  outside;  thus  the  reading,  if  imcorrected, would 
be  92  instead,  say,  of  100  inside,  and  101  instead,  say,  of  97 
on'side;  in  other  words,  it  would  just  reverse  the  direction  of 
fall  of  pressure.  Of  course  anyone  would  immediately  say  the 
correction  for  temperature  must  be  applied ;  but  then  the 
attendant  may  forget  to  do  so. 

Amongst  other  things  Ulr.  Swinbnme  mentionetl  the  fact  that 
the  mutual  induction  between  the  coils  increases  practically  the 
self-induction  of  the  instrument  as  a  whole,  and  that  therefore 
of  course  it  is  not  available  for  alternate  currents.  We  did  not 
put  the  instrument  forwiird  as  a  means  for  measuring  alternate 
currents  ;  we  were  perfectly  well  aware  that  an  instrument  of  tM» 
type  was  not  available  for  the  purpose.  Aa  a  matter  of  fact,  wbeo 
the  alternations  are  not  very  great  the  instrument  reads  the  same 
with  alteniate  as  with  direct  cun-ents;  hut,  as  we  all  know  perfectly 
well,  an  instrument  calibrated  for  one  periodicity  of  alternate 
current  would  be  of  no  use  for  general  puqjoses. 

Colonel  Anu:*trong  asked  if  the  instruments  are  of  use  as 
Btand.irds,  and  to  what  degree  of  accuracy  they  can  be  depended 
upon.  The  great  object  which  we  had  in  designing  these  instru- 
ments was  to  make  a  portable  standard  which  should  be  free  from 
the  objections  which  had  undoubtedly  existed  in  inslrumenlsin 
which  iron  was  used.  It  is  possible  to  make  a  reading  with  a  100- 
volt  instrument  to  about  J  volt,  or  perhaps  less  with  some  practice, 
and  the  instruments  are  intended  to  be  sensible  to  within  one  part 
in  400  or  500  in  that  part  of  the  scale  in  which  presumably  they 
would  be  moat  used. 

Mr.  Spagnoletti  asked  to  what  extent  the  instruments  hod 
been  practically  used.  They  have  not  up  to  the  present  been  in 
the   hands  of  t\ie    pubWc   geTv«iA\-^,  \)\A  \.\\*;-3  V'wte  V^lc-ci.  ^erj 
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tlioroughlv  testeiJ,  aud  we  oui-tielves  are  satisfied  tliat  we  have  2,'-  , 
obtained  a.  couveuieiil  aud  portable  form  of  eK-ctro-dynarHometer. 
The  old  proverb  that  "the  proof  of  the  puddiug  is  in  the 
eating"  muit  apply  not  only  to  puddings  but  to  voltmeters, and 
we  can  only  submit  instruments  to  the  tjritiuism  of  those  who  are 
in  the  habit  of  using  voltmeters :  by  their  verdict  we  shall  be 
prepared  to  stand  or  fall. 

Let  me  say  one  word  upon  the  instruments  which  Professors 
Ayrton  and  Perry  have  brought  before  us.  A  Cardew  instrument 
with  an  uncompensated  case  certainly  reijulres  a  very  large 
temperature  correction,  and  it  may  be  a  very  large  temperature 
error.  The  compensation  of  the  case  seems  to  me  a  very  impor- 
tant point  indeed,  aud  although  I  may  not  at  the  present  moment 
have  fully  understood  Professors  Ayrton  and  Perry's  instrument, 
yet  I  have  not  been  able  to  see  exactly  how  this  compensation  is 
intended  to  be  eflected,  I  should  like  to  ask  how  that  difficulty 
U  overcome.  There  is  one  way  in  which  I  think  all  temperature 
errors  may  be  got  rid  of  in  the  Cardew  instrument.  Since  last 
week  we  have  made  experiments  in  our  laboratory  to  see  if  a 
differential  principle  could  not  be  applied  to  the  measurement 
of  the  sag  of  a  wire.  If,  instead  of  attempting  to  measure  the 
sag  of  one  wire,  we  measure  the  difference  of  sag  of  two  wires, 
through  one  of  which  a  current  passes,  and  Lhrongh  one  of  which 
it  does  not,  an  instrument  is  obtained  which  is  independent  of 
the  change  of  temperature  as  a  whole,  but  which  measures  the 
temperature  of  the  wire  through  which  a  current  is  passing. 
Our  experimental  instrument  is  like  this.  Uere  is  one  wire 
stretched,  aud  above  that  another  wire  is  stretched;  we  will 
call  one  the  hot  wire,  the  other  the  cold  wire.  A  thread  is 
attached  to  the  hot  wire  which  passes  round  a  jiulley  and 
returns  to  the  cold  wire.  If  both  wires  sag  together  the  pulley 
is  not  rotated  at  alt,  but  if  one  wire  sags  more  than  the  other 
then  the  pulley  is  rotated  at  a  certain  angle,  which  depends  upon 
the  sag  of  the  wire  through  which  the  current  is  passing.  Experi- 
ments have  shown  us,  I  tliink,  that  it  will  be  jxissible  to  arrange 
an  instrument  in  that  way  which  will  be  independent  of  the 
change  of  tem/terature  of  the  instrument  as  a.  'a\iQ\e.    IV^,  o^^ 
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difficult jr'  ibat  BeeroB  to  me  to  uxor  in  measunng  the  sag  is  tli«t, 
in  order  to  make  it  mach  more  advaatageoti^  to  meHEure  tbe  sag 
tttan  lo  measare  tbe  actual  iacreaae  of  length,  ^ou  must  of  coone 
lisve  a  Hmall  sag ;  id  other  words,  tbe  wire  most  be  much  pulled. 
When  very  ttuQ  wire  ii  used  there  ie  great  danger  that  the  wire 
may  be  permaDeutly  elongated  if  more  than  a  very  small  strees 
IB  aji[>lied  in  tbe  direction  of  the  »ag. 

1  think  I  have  covered  most  of  the  ground  that  was  raised 
ID  tbe  discussion,  and  I  will  only,  in  conclusion,  once  more  thank 
the  Society  for  affording  us  the  opportunity  of  bringing  these 
instruments  before  tbem. 

Profeswr  W.  E.  AyRTos,  in  reply,  said :  We  did  not  refer  lo 
the  late  Sir  William  Siemens'  very  ingenioos  current  regulator — 
allbougb  one  of  us  was  present  at  the  Royal  Society  when  it  was 
sbonn  lliere  in  1879 — because,  as  we  were  employing  the  Cardew 
priuciple  in  our  improved  altemating-carrent  ]>ortable  voltmeter, 
we  did  not  wish  even  to  ap[rear  to  detract  from  the  merit  of 
Captain  Cardew't)  principle.  At  the  same  time  it.  must  not  be 
forgotten  that  Sir  WilUam  Siemens  not  only  described  a  cuirenl 
regulator  depending  on  the  expansion  of  a  metal  by  beat,  but  also 
a  eurreut  meter  based  on  iLe  beating  property  of  the  current. 
M.  Ho^pitalier  was  also  working  at  the  same  time  at  tbe  same 
subject,andbisnamemust  not  be  overlooked  in  tbe  history  of  these 
instruaientB.  As  to  tbe  voltmeter  which  Captain  Cardew  has  shown 
this  evening  in  which  tbe  volts  are  measured  by  the  sag  of  a  wire 
measured  with  a  microscope,  it  was  not  until  last  Tliurnday  (as  I 
then  mentioned)  that  we  were  aware  that  C^iptain  Cardew  had 
tbouglit  of  employing  the  variation  of  tbe  sag,  nor  was  it  until 
this  evening  that  we  saw  this  form  of  his  instrument.  However, 
I  am  merely  repeating  his  words  in  saying  that  without  the 
employment  of  the  device  of  our  magnifying  fpring  tbe  variation 
of  ibe  sag  could  not  be  utiliaed  in  tbe  constniotion  of  a  commercial 
instrument. 

I  agree  with  the  criticism  that  has  been  made  that  the  ingeni- 
ous form  of  electro-dynamometer  exhibited  by  Messrs.  Fleming 
and  triminglmm  cannot  be  properly  called  "direct -reading."  I 
think  wc  ought  to  keep  t\ie  Ba.\ne  '■'■  i«e'cv-tfc*t\\vi^"  Vo  ssa  instru- 
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ment  wliiuli  indicates  the  thing  measured  exactly  io  the  Bame  way  j*"'™". 
that  a  clock  indicates  the  time  without  one  having  to  touch  it :  one 
oufjht  to  be  able  to  see  for  some  distance  what  one  wants  to  know, 

rithout  going  near  the  inulrumeiit. 
A^  Io  Mr.  Eason's  remark  about  the  use  of  a  wattmeter  for 
direcl  currents,  1  am  rather  inclined  to  agree  with  him,  A  watt- 
meter presupposes  some  difficulty  in  the  jKiwer  of  the  obsen^er  to 
perform  simple  multiplication.  Well,  whatever  that  difficulty 
may  have  beeu  with  electrical  engineers  in  the  early  days,  it  has 
certainty  disajipeared,  and  it  is  possible  for  them  to  perform  a 
simj'le  sum  of  multiplication,  I  have,  I  think,  a  right  to  criticise 
the  wattmeter,  because  the  first  wattmeters  made  in  this  country — 
or  " elect ric-power  meters,"  as  they  were  then  called — were  con- 
^Btructed  by  my  colleague  and  myself,  and  the  way  in  which  they 
'  were  iitade  public  is  rather  interesting.  Two  papers  were  dowu 
for  rcadiug  at  the  setnl-centenary  meeting  of  the  British  Associa- 
tion at  York  in  1881 — one  by  Sir  W.  Thomson,  and  one  by  my 
colleiigue  and  myself.  As  a  matter  of  fact,  in  the  order  of  the 
pajH-rs  to  be  read,  as  printed  on  the  list,  ours  came  first,  and  Sir 
W.  Tboiiisou's  came  second  j  but  Sir  William  asked  us,  as  he  had  to 
go  to  a  committee  meeting,  whether  WQ  hod  any  objection  to  his 
reailing  his  paijer  first.  Of  course  we  said  "  No,"  He  read  hia 
paper,  and  he  described,  without  showing  any  instniment,  the 
principle  of  a  wattmeter.  We  were  able  to  say  when  he,  as 
chairoian  of  the  sectional  meeting,  called  on  us  immediately  after- 
wardit  to  read  our  paper,  that  he  had  already  read  it,  and  that 
our  instrument  on  the  table  was  the  instrument  which  illustrated 
the  paper  he  had  read.  He,  in  his  jocular  way,  said  that  he  hod 
priority  of  announcement  because  he  had  read  his  paper  first 
(aUhougli,  as  a  matter  of  fact,  in  the  order  of  papers  his  came 
secondj.  We  replied,  also  in  a  jocular  manner,  that  we  had  con- 
structed the  instrument,  whereas  he  had  only  constructed  the 
idea. 

I  liave  not  had  any  experience  of  Sir  W.  Thomson's  current 
meter  on  the  table  before  us,  but  I  t<hould  think  that,  like  all  hia 
instruments,  it  is  extremely  beautiful  and  extremely  accurate ; 
but  such  an  instrument  as  t/a'a  aims  at  attaining  ».  tQtja,U^  d\ffty».'oi. 
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result  from  the  sort  of  JDstruinenta  that  we  have  from  lime  to 
time  brought  before  this  Sotiely.  In  fact,  I  think  there  is  the  same 
sort  of  difTerence  between  Sir  William's  instrument  and  some  of  the 
others,  like  those  on  the  table,  as  there  is  between  the  astronomi- 
cal clock  at  Greenwich  and  the  watch  one  has  in  one's  pockcl. 
There  is  no  doubt  that  the  agronomical  clock  is  the  better  of  the 
two,  but  it  CO£t  the  nation  n  gooil  deal  more  thnn  I  conld  afford  to 
\my  for  my  wutch.  It  is  not  only  that,  but  I  think,  as  Mr,  E^sim 
has  said,  it  is  probable  that,  whatever  it4  name  may  be,  the 
instrument  is  really  a  " man-tester;"  that  is  to  say,  it  tests  your 
power  to  use  it  more  than  any  electrical  (juantity.  Far  be  it  from 
me  to  disparage  any  instrument  that  -Sir  W.  Thomson  has  brought 
forward:  my  intense  admiration  for  his  unique  originality  woiilJ 
make  any  suuli  dispuragement  sacrilegious  in  my  eyes.  He  Lai 
designed  and,  what  is  more,  constructed  many  instruments  to 
enable  ub  to  do  that  which  we  c^annot  do  any  other  way,  and  for 
that  we  must  be  deeply  grateful;  but  at  the  same  time  I  have 
been  led  to  feel  for  many  years  that  it  was  quite  as  much  my 
power  to  use  the  instrument  as  any  other  physical  quantity  thai 
was  being  measured  when  I  was  employing  one  of  Sir  Williiim 
Thomson's  meters, 

A  question  was  asked  as  to  the  exact  sag  that  had  to  be  put 
in  the  wires  in  the  new  form  of  voltmeter.  I  may  mention 
that  there  are  two  adjustments  which  enable  us  to  get  the 
sag  exactly  right  when  re-wiring  is  required.  In  the  first 
place,  the  wires  can  be  stretched  more  or  less  by  little  eccen- 
trics; and  more  or  less  tension  can  be  given  to  the  spring 
by  means  of  an  adjustable  screw  (shown  in  the  various 
drawings  of  the  voltmeter);  an  i  by  the  use  of  these  two  adjust- 
ments, if  we  use  the  same  gauge  of  wirej  we  can  reproduce  with 
very  considerable  accuracy  the  previous  sensibility.  As  to  the 
difBculty  of  wiring.  Sir.  Esson  made  a  sporting  ofTer  as  to  what  he 
would  be  willing  to  do,  but  he  omitted  to  mention  what  the 
stakes  were.  I  would  tike,  if  he  would  allow  me,  to  substitute 
Mr.  Bourne  for  myself  in  the  operation  of  re-wiring,  because  he 
has  had  so  much  more  practice,  and  can  certainly  wire  with 
j'nfiuiteiy  greater  skiU  Ui&^  \  cowW    \^,  \^i«*:^'Ke,-j'iii'«SN.VT)iJ.<i'« 
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im  to  be  tlie  iockeT  in  the  race,  I  venture  to  think  that  if  the  Pmf-wi 

Ajrlon. 

stakes  are  worth  consideration  Mr.  Bourne  will  be  quite  williug 
to  enter  in  the  running. 

^      As  to  the  number  of  volts  that  are  measurecl,  this    instru- 
-ment  measures  a  uiasimura  of  9U,  and  not  170,  and  therefore 
the  remarks  as  to  the  amount  of  heat  nould  not  exactly  apl'lj. 

B      Mr.  W.  B.  EssON  :  The  instrument  for  a  larger  number  is  on 
the  table. 

Professor  Ayhton  [aflfr  excnniniiu}  the  inetruviejiQ  :  I  ahould 
not  like  to  say  that  I  was  responsible  for  that  one.  Although  it 
is  on  our  principle,  and  has  been  constructed  by  our  manufactui'ers, 
I  have  only  seen  it  in  this  room,  and  have  had  no  opportunity  of 
testing  it.  Hence  I  must  not  be  regarded  as  being  iu  any  vmy 
responsible  for  its  action.  Bat  this  voltmeter  in  my  hand  was 
made  by  Mr.  Bourne  under  my  eyes,  and  for  the  working  of  this 
one  we  are  responsible ;  anil  the  heating  of  this  one  is  not 
^excessive. 

B  Aa  to  the  answer  (u  the  question  whether  there  is  a  measural)le 
amount  of  self-induction  in  our  new  voltmeter,  that  depends  ujion 
whether  you  ask  Professor  Hughes  or  me.  Professor  Hughes 
would  say  "Yes,"  because  he  can  measure  it ;  I  should  say  ">'o," 
because,  althougli  I  have  tried  to  do  bo,  I  have  not  been  suc- 
cessful on  account  of  its  very  small  value.  Practically,  at  any 
rate,  we  may  say  that  the  coefficient  of  self-induction  of  our  volt- 
meter is  extremely  small,  and  that  it  introduces  no  error  when 
the  voltmeter  is  used  to  measure  an  alternating  potential 
iifference. 

Next  Mr.  .Swinburne  entered  into  the  question  as  to  what 
exactly  our  voltmeter  measured.  Speaking  off-hand,  I  should  say 
that  it  measured  the  mean  square  of  the  potential  difference,  and 
that  if  the  alternation  of  the  potential  difference  followed  a  simple 
harmonic  fuuction  of  the  time  the  mean  potential  difference  was 
nine-tenths  of  the  sijuare  root  of  the  mean  square  of  the  ixttential 
difference  as  measured  by  our  voltmeter.  Slight  errors  mav  lie 
introduced  for  the  reasons  Mr.  Swinburne  mentioned,  but  I  think 
that  all  such  errors  will,  when  the  wire  is  very  fine,  be  extremely 
email.     At  any  rate,  one  may  safely  say  t\iat  ^\ia,\e\wt  \»  \>i«.  «iaR,\. 
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function  of  the  mean  square  of  an  alternating  potential  difference 
tiiat  13  nieaBured  by  a.  Cardew  voltmeter,  the  same  function  is 
mpaiured  by  our  voltmeter. 

With  reference  to  the  fuse,  the  wire  ia  not,  aa  Capt.  Sanke; 
BaiJ,  -0004  mill,  in  tbickuess.  We  have  used  0-0014,  and  now, 
in  some  of  the  instruments,  we  use  0'002.  I  think  L'apt.  Cardew 
gen'^rally  uses  'OOaS.  ftome  of  our  voltmeters  on  the  table  are 
wound  with  '0014,  and  aome  with  -002  mill.,  but  none  with  wire 
BO  line  as  -0004 ;  so  there  is  no  difBcuUy  aboot  the  fuse.  I  forgot 
to  mention  that  there  ia  an  ingenious  device  with  reference  to 
the  fuse.  It  was  introduced  by  Mr.  liutchL-r,  the  manager  of  the 
woiks  of  Messrs.  Olark,  Muirhead,  &  Co.  Here  is  a  rotating  plug 
whiuh  contains  six  fuses,  every  one  of  which  is  of  identically  the 
same  resistance,  and  any  one  of  which  can  be  inatantatuoitdy 
brought  into  action  by  turning  this  handle.  Hence,  if  by  any 
chance  while  using  th©  instrument  a  fuse  goes,  it  can  immediately 
be  replaced  by  another  by  simply  turning  this  ebonite  handle. 
Hence  there  ia  no  necessity  for  opening  the  instrument,  or  for 
any  delay  to  occur  in  the  use  of  the  voltmeter.  Further,  each 
fuse  is  adjusted  so  that  the  sensibility  of  the  instrument  remains 
the  wiQie  when  a  change  is  made.  Of  course  the  sensibility  of 
the  voltmeter  depends  on  the  whole  resistance  in  the  circiiit,  eo 
that  if  a  fuse  goes  while  using  the  instrument  a  great  aanng  of 
time  is  effected  by  being  thus  able  to  substitute  another  fuse  of 
exaclly  the  same  resistance.  Hence  not  merely  can  a  broken 
fuse  he  instantaneously  replaced  by  another  one  without  opening 
the  voltmeter,  but  the  sensibility  of  the  voltmeter  is  not  altered 
by  the  change  in  the  fuse. 

The  I'kesidknt  :  Would  you  recommend  the  use  of  that 
dynamometer  on  board  an  electric  launch  V 

Professor  W.  E.  Ayhton  :  Certainly, 

The  Presipent:  In  any  kind  of  weather? 

Professor  W,  E.  Ayrtos:  Any  kind  of  weather  suitable  for 
yachting  is  suitable  for  the  use  of  our  new  voltmeter. 

With  reference  to  the  question  as  to  the  slow  charge  of  zero  in 
the  Cai-dow  voltmeter,  I  believe  that  Captain  Cardew,  like  many 
otbetff  has  suffered  a  great  AeaV  liwa  ^mA  «^  \Ka'»*i\.*d.^e  on  the 
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raeiits  Diade  on  liis  ijrinci])le  have  not  done  him  any  j>articular 
^■piount  of  credit.     Of  course,  if  you  take  a  platinum -silver  wire, 
^^put  it  ill  an  instrument  without  doing  anything  to  it,  strain  it 
up,  and  then  calibrate  it,  you  will  tind  after  a  short  time,  on  recali- 
brating it,  that  you  get  a  different  sensibihty.    But  the  folly  is  to 
put  au  umtretched  wire  into  an  instrument.     We  always  stretch 
a  wire  for  a  long  periotl,  and  apply  continual  heatings  and  coolings 
before  we  calibrate  at  all.     A  jMiper  was  read  by  Mr.  Bottomley 
the  British  Association  last  year  showing  the  effects  that  take 
place  when  a  wire  is  subjected  to  continued  heatings  and  coohngs. 
^^Lfter  a  time  the  wire  acquires  a  i)ermanent  set,  but  at  first  it 
^Rtretches  a  good  deal.     This  goes  on  for  some  time,  during  which 
^Hou  must  not  calibrate  your  voltmeter;  hut  when  the  wire  has 
^laken  a  detinile  set  we  begin  to  calibnite  it ;  and  the  set  having 
^^een  fully  arrived  at,  I  venture  to  think  there  will  be  no  further 
^Kbange.     In  some  cases  we  have,  by  means  of  a  little  motor  that 
^Htarted  and  stopped  a  current  passing  through  a  platinum-silver 
wire  uuder  tension,  heated  and  cooled  tiie  wii'e  3,000  times  before 
^attemjiling  to  calibrate  the  voltmeter.     I  may  mention  in  con- 
^Kection  with  thia  that  a  number  of  experiments  are  being  carried 
out  by  Mr,  Kilgour  at  the  Central  Institution  on  the  coefficient 
of  esjianston  of  platinum-silver  under  considei"able  tension;  and  it 
is  for  that  reason  that  we  have  not  yet  introduced  the  comiiensa- 
^BioD  into  our  voltmeters,  which,  however,  is  an  easy  matter  to  do. 
In  onler  to  introduce  the  compensation  with  certainty  you  require 
to  know  this  fact — which  I  do  not  know  yet  witJi  sufficient  certainty 
— viz.,  what  is  exactly  the  coefficient  of  exiansion  of  platinum-silver 
under  a  tension  which  is  a  considerable  fraction  of  the  breaking 
load ;  but   when  we  know  this  there  will  not  be  the  slightest 
difficulty  in   compensating  this  instrument.      Take  the  double 
bicycle-wheel  instrument;  all  you  have  to  do  is  to  make  the  rim 
of  the  wheel  of  a  compound   metal  which  has  a   coefficient  of 
expansion  equal  to  that  of  platinum-silver,  and  practically  esact 
compensation  will  be  attained.     .So  far  from  the  question  of  tem- 
perature having  escaped  our  notice,  weeks  of  eiperiments  have 
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for  ten  hours  at  a  time  to  see  what  is  the  exact  cliange  of  zero 

and  exactly  what  is  the  change  of  sensibililj". 

I  would  draw  attention  to  a  remark  I  mnde  at  the  last 
meeting.  If  anybody  will  look  at  this  double  bicycle-wheel  volt- 
meter after  the  meeting,  he  will  see  that,  whether  it  be  vertiwd 
111"  horizontal,  there  is  hardly  any  jiercoptible  change  of  the  zero. 
[^Exhihils  Instridiienl,  and  changes  Us  poeUion.']  This  result 
haa  been  obtained  by  balancing  the  pointer,  by  having  the  ivory 
hubs  eitremely  light,  and  by  having  the  pointer  itself  fairly 
light.  The  Fharimess  of  the  action  on  ajiplying  a  varying 
potential  difference  is  also  wonderfully  marked.  We  have  also 
made  the  ^winter  more  visible  than  it  was  the  other  day.  A  good 
deal  has  been  said  about  pointers  not  being  visible,  but  a  watch 
is  a  good  instrument  in  nijite  of  the  fact  that  you  cannot  see 
the  hand  40  ynnls  away.  But  by  using  excessively  thin 
almninium  foil  bent  into  a  lube  we  have  obtained  pointers  of 
great  rigidily,  which  hardly  bend  when  suddenly  deflected;  and 
the  arrow-head,  also  made  of  thin  aluminium  foil,  placed  at  the 
end  of  the  pointer,  enables  it  to  be  seen  at  a  considerable 
distance.  And  the  moment  of  inertia  is  so  small  that,  aa  you 
observe,  the  pointer  comes  i|mte  (juickly  to  rest  on  the  volls 
being  applied  to  the  iKstniiueiit.  I  now  take  the  current  off, 
and  the  pointer  deflects  almost  instantaneously  to  the  zero. 

As  to  the  spring,  of  course  the  accuracy  of  this  inatrumeDt 
depends  u^Kin  the  constancy  of  the  magnifying  spring.  Well, 
now,  just  aa  the  wire  haa  to  be  subjected  to  a  series  of  expansions 
by  a  current  being  passed  througli  while  the  wire  is  under 
tension,  so  wil)i  the  material  of  which  ihe  spring  is  made.  We 
have  known  for  years,  and  indeed  pointed  out  in  our  paper  before 
the  Hoj'al  SoL-iety  some  years  ago,  that  the  spring  should  have  a 
permanent  set  given  to  it,  iu  accordance  with  the  theory  worked 
out  by  Professor  .lames  Thomson  many  year;!  before  that. 
When  such  a  set  is  given  to  a  spring,  correaponding  with  the 
killing  of  the  iron  wire  for  an  oitlinary  overhead  telegraph  lire, 
the  spring  shows  no  appreciable  trace  of  a  aub-permanent  set  if 
not  strained  too  much.  Further,  the  spring  has  but  a  small 
temperature   error.      A.3  taeiAwtvei  \i\  \.\w  \|a.\«'s,  ftsu    kaiire' 
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steady   beating    of   an    ordinary   magnifying    spring    ammeter  P"*i™ 
up  to  40°  C.  failed   to  show  any  variation  of  the  zero  from  a 
tempcratiire  variation  of  the  elasticity  of  the  spring.     In  fact, 
Ihe  temj»eratare  variation  of  the  elasticity  was  less  than  could 
be  detected  by  the  eye. 

The  table  given  at  the  end  of  onr  paper,  containing  the  results 
of  tests  extending  over  two  years  made  on  one  of  our  magnifying 
spring  ammeters,  shows  that  the  ags  error  is  also  negligible. 
Hence  I  think  that  we  are  justified  in  concluding  that  not 
merely  does  the  magnifying  spring  furnish  an  extremely  con- 
venienl,  frictionleas,  and  comparatively  massless  multiplying 
gearing,  but  that  it  is  comparatively  unaffected  by  time  or  by 
variations  of  temperature. 
^L  The  device  mentioned  by  Mr.  Gordon  of  turning  the  dial  ia 
^tIeo,  you  obaen-e,  employed  in  these  instruments. 

Ah  is  mentioned  in  the  mathematics  of  the  paper,  the  watts 
expended  in  heating  a  wire  to  a  given  temperature  depend 
almost  entirely  on  its  length  and  temperature,  and  not  on  its 
thickness.  Mr.  Eversbed's  results  are  therefore  borne  out,  and 
we  see  that  very  great  economy  in  power  ivasted  is  obtained 
by  using  a  short,  very  6ne  wire,  instead  of  a  longer,  thicker  one, 
in  the  construction  of  a  voltmeter  for  a  given  range  in  volte. 

I  am  afraid  that  at  the  last  meeting  an  impression  may 
have  been  formed  that  this  large  double-barrelled  instrument 
was  brought  to  disparage,  or  to  show  an  antiquated  form  of,  the 
Cardew  voltmeter;  but  I  must  say  that  nothing  was  further  from 
my  mind.  I  was  under  the  impression  that  the  specimen  of  the 
Cardew  voltmeter  whicli  we  exhibited  was  one  of  the  very  best 
constructed,  because  I  had  bought  it  as  such ;  it  took  a  long  time 
to  make,  and  the  escuse  for  the  delay  was,  "  We  want  to  give 
"  Professor  Ayrton  a  most  perfect  instrument."  And  not  merely 
did  the  makers  have  carte  blanche  as  to  the  time  employed  in  its 
manufacture,  but  they  had  also  carte  blanche  as  to  price;  so  that 
if  the  specimen  of  the  Cardew  voltmeter  we  exhibited  -was  not 
one  of  the  most  perfect  forms  it  was  certainly  the  makers'  fault, 
and  not  ours. 

In   conclusion,  I  beg   to   thank   the  meeting,  on  behalf  of 
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lui     Professor  Perry  andmyaelf,  for  iheir  kind  recPiJlionof  our  portable 

nltemating-current  voltmeter,   and  for   the  warm  approval  that 
they  have  enpressed  regarding  it. 

A  hearty  vote  of  thanks  was  accorded  to  Dr.  Fleming  and  Mr. 
Giminghani  for  their  paper,  as  also  to  Professors  Ayrton  and  Perry 
for  their  paper,  and  to  those  geiillemeu  who  had  added  to  the 
interest  of  the  discussion  by  exhibiting  apparatus  bearing  on  th» 
subject. 

The  meeting  fldjouned  rntil  8th  December,  1897, 


1&S7.] 


REPORT   OF  THE  COUNCIL. 


639 


The  Sixteenth  Annual  General  Meeting  of  the  Society  was  held 
at  the  Institution  of  Civil  Engineers,  25,  Great  George 
Street,  Westminster,  on  Thursday  evening,  December  8lh, 
1887— Sir  Charles  T.  Bright,  President,  in  the  Chair. 

The  rainntes  of  the  Extraordinary  General  Meeting  of 
December  1st  were  read  and  approved. 

The  Presidest  announced  that  the  ballot-box  for  the  deposit 
of  voting  papers  for  the  election  of  President,  Members  of 
Coundl,  and  Officers  for  the  ensuing  year  would  remain  open 
anti!  8.30  p.m. 

I      Mr.  J.  Aylmer,  Mr.  G.  Driver,  M>.  J.  Hookey,  and  Mr,  R.  \'on 
Fiacher  Treuenfeld  were  appointed  Scrutineers. 

■     The  names  of  new  candidates  were  announced  and  ordered  to 
be  suspended. 


The  Secretary 
^Council : — 


then    read    the    following  Report    of    the 
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The  Council  have  to  rei»rt  that  the  number  of  new  members 
elected  into  the  Society  during  the  present  year  exceeds  by  5 
the  number  elected  in  1886,  and  includes  5  Foreign  Memberi", 
12  Members,  C6  Associates,  and  36  Students,  making  a  total 
of  119;  while  17  candidates  have  been  approved  for  ballot  at 
the  first  meeting  next  month. 

14  Associates  have  been  transferred  to  the  einss  of  Members, 
and  13  Students  lo  the  class  of  Associates. 

Our  losses,  on  the  other  hand,  have  been  heavy,  those  occa- 
sioned by  death  having  unhappily  been  unusually  numerous. 
We  have  thus  been  deprived  of  3  Foreign  Members — 
Messrs.  E.  Blavier,  F.  C.  Guilleaume,  and  George  West  ;^ 
10  Members,  among  whom  are  Kear-Admiml  Arthur,  C.Il.,  for 
many   years   at    the   hfnd   of    the   Torpedo   School   on    H.M.S. 


MA  UVOBT  or  TH?  COTSOt.  [Dr-.flck, 

"Tenno,'*  «t  PartoBaath ;  Colonel  £r  Frxnaa  BoUoo,  Vkc- 
Ptvsi'letit  uhI  Haaxmzj  Seentarr,  oor  t4  tbe  fijimiden  of  tbc 
SonHj,  ami  to  wbom  nmcli  of  its  nrljr  mcirM  u  dae ;  Oakncl 
tiirJi>hnB«l«nna-<3iampua,K.C.M.G^  R.E^  oar  nmrii-CTteaiMd 
pMt-PfMwtrOf  ;  Mr.  R  W.  UcOowao,  Chief  litq«cttir  of  the 
Pwtal  aa<l  Tdrgrapb  .Srtvia;  of  V'ictoraL,  id  vfcich  coIodt  be 
r»iire*ent«rl  th«  Society  u  iti  I^ocal  HoDonnj  Seervtaiy  ;  and 
>bijor-(tMi«rel  Hvd«,  of  the  Uoral  EnginMn; — 10  Aidsoeialei^ 
iocliKling  that  diitingnuttMl  offi<rer  Colooel  Sir  W.  Oirt-a  l^ajan, 
K,C.MJ>.,  C.B. :  lieafenaots  K.  B.  Fulford,  K..N.,  and  E.  CL 
Tjr«II,  R..V. ;  and  Mr.  Alfred  Krort,  tl.e  Soiiety"*  able  Ubrariaa. 

7  Foreign  AInnberB,  5  Mnnbers,  aod  14  Associates  bare 
retired  from  the  Sodetv  during  tbe  rear. 

Tbe  So«ety  continues  deeplj  indebted  to  tbe  President  and 
CoDOci)  of  the  Inttitation  of  Civil  Engineers  for  their  libenlity 
in  iMtmitting  iU  general  laeeting*  to  be  rtill  held  in  ihetr 
lecture  hall,  aitd  in  agaiD  cnnfenting  to  oar  holdiag,  when 
McaJiion  atueo,  M'lditiniuil  or  exi  raordinar;  general  meetings  on 
fome  of  the  Thnrsday  e^-ening^  intenening  with  those  on  vhich 
our  ordinary  meetings  are  arranged  to  lake  ]ilace — a  privilege  of 
wlii'lj  t!ie  ('ouneil  hope  to  be  able  to  avail  themselves  daring  the 
aproaching  year. 

The  jtfiperB  read  during  the  session  will,  in  the  opinion  of 
your  Council,  compare  favourably  in  point,  of  interest  with  those 
of  former  years,  and  have  embraced  subjects  on  various  branches 
(if  apjilied  electrical  science,  as  will  be  seen  by  the  subjoined 
list  :— 

LIST   OF  PAPERS  READ   BEFORE  THE   SOCIETY   DUEINO  THE 

TEAK   1S87. 
Date.  Title.  Autbob. 

Jan.  27.— Telephonic  InveBtigations        Prof.  B.  P.  Tbohpson,  D.8c., 

Member. 
Mar.  10.— On  Bereraible  Lead  Battetiea  and  their 

Use  tor  Electrir,  Lighting     Dismokd    O.    Fits-OiaiLD, 

Member. 
„    24. — The  BetiiUnce  ot  Faalti  in  BabmariDe 

Cablei     A.E.  Kbnhillt,  AuKiate. 

AprilSe.— Hodei  of  MeftsuriDg  the  Coefflcieats  of 

Self  and  Mutual  Induction Profe.  W.  E.  Arsron,  T.&.S., 
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DjkTC  Ttttv. 

JS»y  IS. — The  Mtasurciuenr   of   Self- In  due  lion, 
Mutual  Induction,  anil  Cu[>ai*iiy     ... 


Aunici*. 


■Ul 


DS\. 


20. — Undergruunci  Telegraphi         

20. — TUe   Driving   of  Dynamos  with  Very 
Short  Belu      


Sot,  10. — Deep-Sea  S.mnding  in  connection  with 
Submarine  Telegmplif         

„  24. — On  iome  Iiiatrmnenla  for  'lie  Meaaurc. 
meat  of  Eleutro-motive  Force  And 
Elei'trical  Puwer        

I,  24, — Portable  Voltmeters  for  Measuring- 
Alternating  Fotontial  DifTerencet  ... 


8  — On  Safely  Fasea  tor  Electric  Light 
Oircuit*,  and  on  the  Behaviour  of 
yarious  Metal  a  uBuuliy  employed 
in  their  Oonitruction 


W.     E.      Suiipxen, 

Asiuciiite. 
C.  T.  FtBKTwooD,  Momber, 

Profs.  Vr.E.Arsioii,  F.B.8., 
and  JouN  pEur,  F.R.S., 

JTemberR. 


E.       ST.t[.L[aBlSS, 

Miirabar. 


P.B.O.B., 


Dr.  J.  A.  FLivtHa,  Uemher, 
and  a  H.  Guiihouak, 

Profi.W.  E.  Atwon,  F.E,8., 
V.I',,  and  Jons  PlBHT, 
P.H.B,,  Memlwr. 


AsincB    C,    CocKoiia.v, 
AB90ciat«. 


The  Coancil  have  awarded  the  Society's  annual  iiremiums  in 
■pect  of  papers   read  during  the  twelve  montlia  ending  the 
1st  of  May  last  as  followB : — 

Tlie    8ocieti/'3   Prernhnn,   value    £10,   to   A.    E,    Kenuelly, 
tsociate,  for  his  paper,  "  On  the  Resistance  of  Faults  in  Sub- 
marine Cables," 
The  Paria  Electrical  Exh  Ihilion  Premium,  value  £5,  to  V.  R. 
Sumpner,  Associate, for  his  paper, "On  the  Jleasnrempnt  of  8eir- 
"  Induction,  JIutual  Induction,  and  Ca[>acity." 
■       77ifl  Fahie  Premium,  value  £5,  to  Charles  Thomas  Fleetwoo'I, 

Member,  for  his  paper,  "  On  Underground  Telegniphs," 
^m        The  Committee   ou   Electrical    Xomeuclature   and   Notation 
^Khsve  been  assiduously  summarising  the  various  terms  in  general 

^R  tue  in 

^B  Electrostatics, 

^ Electro- Kinetics, 

^^^^^^V  Electro-Magnetism, 


VOL.  XVI. 


Enectrotechnics, 
45 


-«k, 


Fk&VCStMB 

b&ai  re- 

tLdrienMnof 

tytW  Socratf  n 

tfae  npid 
ifce  Boabv  «<  Tvaie  **"  cMoed  as  Sutdents  <tf 
tb»  fidcH^;  aad,  ia  eaH|Aace  ntk  •  4emK  msfnatei  t? 
tlMt  bod^,  tbe;  made  ■fTMgeMgwU  arir  in  Ute  yw  for 
■'SMdcntf  Miwriiy"  to  be  hcU  in  Uk  Ubaaj  of  the  Sodecj 
«o  tkf  Thuiriaj  ^v^BJsgi  inierieedaie  »il2!  thcue  on  wiici 
the  geoeial  meetings  take  plaop,  for  the  paipoee  of  either 
reading  and  disctusjng  papeis  written  \tj  some  of  thenuelfo, 
or  of  diKnueing  any  of  the  j»pen  that  hare  been  mad  before 
the  fVxnety,  A  Member  of  the  Sodetj — usuall;  a  Member  of 
the  Coancil — presides  at  each  meeting,  and  the  experience  of 
tlie  6r(t  year's  working  of  tbe  arrangement  has  |ffOTed  most 
nfttiKfactory,  leading  the  Conncil  to  hope  that  tbe  Stodrats 
will,  by  reason  of  these  meetings,  gain  sufficient  coniideBce 
to  enable  them  to  bring  forward  papers  and  to  take  a  grater 
port  than  they  hitherto  have  in  the  discussions  at-  the  Ordinary 
Oeneral  Meetings  of  the  Society. 

As  a  farther  encouragement  to  the  Students  to  prodace 
original  communications,  the  Council  have  decided  that  sncli 
pai>ers  read  at  their  meetings  shall  be  eligible  for  competition 
for  the  Society's  annual  premiams,  and  for  publication  in  the 
8ociety»  Jonmal. 
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At  the  request  of  H.R.H.  the  Prince  of  Wales,  as  com- 
municated by  our  Past-Pieeident  Sir  Frederick  Abel,  a  subscrip- 
tion list  was  ojiened  for  contributions  from  the  members  of  the 
Society  towards  the  Imperial  Institute  to  be  established  in 
commemoration  of  the  Jubilee  of  Her  Moat  Gracious  Jlajesty 
the  Queen. 

The  list  of  subscriptions  has  been  published  in  the  Societya 
Journal,  with  the  exception  of  a  few  received  since  the  issue  of 
the  last  part;  but,  in  consequence  of  so  many  members  ha^Hng 
already  subscribed  to  the  fund  through  other  channels,  the  total 
aniouitt  is  ciimi>aratively  small,  viz.,  £71  Os.  Id. 

This  being  also  the  Jubilee  Year  of  the  Electric  Telegraph 
in  England,  it  was  believed  that  the  members  of  the  Society 
would  desire  to  mark  the  event  by  subscribing  to  a  fund,  to  be 
called  The  Electric  Tdegraph  Jubilee  Fund,  and  which  should 
be  invested,  the  annual  interest  therefrom  being  devoted  towards 
the  Improvement  of  the  Society's  Library.  The  amount  subscribed 
up  to  the  present  time  is  £162  ITs,  6d,,  and  the  Council  hope 
that  further  subscriptions  will  be  received  from  time  to  time, 
so  as  to  render  the  fund  more  worthy  of  the  occasion  which  it  is 
intended  to  celebrate  and  of  the  purpose  to  which  it  is  to  be 
applied. 

The  Jubilee  of  the  Electric  Telegraph  was  further  com- 
memorated by  a  Dinner  held  at  the  Holbom  Restaurant  on  the 
27th  July,  at  which  the  Postmaster-General  presided,  and  in 
which  the  Society  partici^tated,  the  general  committee  by 
whom  it  was  organised  being  composed  almost  enth-ely  of 
members  of  the  Society.  Upwards  of  240  gentlemen,  all  more 
or  less  directly  connected  with  the  past  and  present  history  of 
telegraphy,  were  present  on  the  occasion ;  while  the  numerous 
congratulatory  letters  and  telegrams  received  from  the  repre- 
sentatives of  telegraphy  in  our  colonies  and  other  parts  of  the 
world  ( in  nearly  all  cases  also  members  of  the  Society)  bore  ample 
testimony  to  the  extent  to  which  the  interest  of  the  occasion  was 
shared  by  them. 

As  will  have  been  observed  by  the  balloting  list,  the  Council 
have  not  deemed  it  necessary  to  propose  any  cindidate  for  etectJOQ 
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•0   Hoitonuy   Secretary   in   the  i>lftce  of  the   late   Sir   Franeis 
Bolton. 

CoDHidering  it  adiisable  to  cooeeDtiate  aa  inocb  as  possible 
the  execatire  res[>oiisibilily,  aod  the  office  of  IJbrart&n  having 
beeoine  vacant  by  the  decease  of  Mr.  Frost,  the  Council  have 
pUced  the  Library  under  the  charge  of  the  Secretary,  who  in 
alt  matters  relating  thereto  will  be  in  communication  with  the 
Library  Committee. 

The  financial  position  of  the  Society  continnes  to  be  satis- 
factory, A  fiiniier  amoant  of  £92  has  been  received  during  the 
year  on  account  of  Ufe  compositions,  making,  with  the  bahince 
of  that  account  remaining  uninvested  at  the  end  of  last  year,  the 
sum  of  £1 14,  which  will  be  at  once  invested  in  ihe  names  of  the 
.Society's  Trustees — viz.,  Sir  Frederick  Abel,  Paat-President  ;• 
Latimer  Clark,  Esq.,  Paat-President ;  and  Edward  Graves,  Esq^ 
Vice-President  and  Honorary  Treasurer.  The  other  funded 
property  of  the  Society  has  already  been  vested  in  these 
gentlemen. 

Your  Council  are  of  opinion  that  the  title  of  the  Society,  even 
as  amended  some  few  years  ago,  does  not  sufficiently  indicate  the 
full  scope  of  the  objects  which  should  be,  and  which  are,  its  aim; 
and  they  believe  that  "The  Institution  of  Electrical  EngineefB' 
would  be  a  much  fitter  title,  as  embracing  more  clearly  all  those 
branches  of  applied  electrical  science  which  of  lute  years  luire 
assumed  such  prominence  and  are  becoming  every  day  more 
important. 

They  paqjose,  therefore,  to  take  the  necessary  steps  for 
ascertaining  the  views  of  all  classes  of  members  upon  the  subject, 
previous  to  submitting  the  proijosed  change  in  a  formal  manner 
to  a  Special  Geneml  Meeting  of  members  some  time  during  the 
coming  year. 

'  Bir  Wiltiom  ThuniBun,  Fant-Fregident,  while  expreasing  liis  wUtiDgDcu 
to  «ct  aa  one  of  llie  Troitees,  strongly  urged  the  desirability  o(  wtce  other 
Fait' Fret ideiit,  residing  in  or  near  London,  being  appointed  in  his  place. 
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i THE   LIBRARY. 

^^^B  heport  of  tue  sel'ketast. 

^^Tl  Iwg  to  report  that  thp  accessions  to  the  Library  diiring  the 
^^ear — jsirticulars  of  wliicli  are  publislietl  from  time  to  time  in  the 
Journal  of  the  Society — amount  to  71,  including  60  presentation  a, 
whifh  is  considerably  less  than  those  received  last  year ;  but 
this  circumstance  cann.ot  be  attributed  to  any  reluctance  on  the 
part  of  authors  who  are  members  of  the  Society  to  contribute 
copies  of  their  works,  for  I  am  glad  to  report,  that  my  applications 
have  been  responded  to  most  kindly.  The  number  of  works 
purchased  is  also  smaller;  and  it  would  seem,  therefore,  that 
electrical  literature  has  not,  except  in  the  case  of  technical 
periodicals,  been  of  late  so  prolific. 

The  Society  continues   to  receive,  through  the  liberality  of 

H.^L  Commissioners  of  Patents,  the  specifications  of  all  electrical 

patents.     Of  the  total  number  of  jjatents  applied  for  during  the 

11  months  ending  the  30th  November — viz.,  16,359 — the  number 

having  relation  to  electrical  inventions  was  920,  or  5'62  per  cent. 

The  number  of  visitors  to  the  Society's  Library  during  the 

year  has  been  373,  of  whom  53  were  non-members. 

^K     UjHjn  the  recommendation  of  the  Finance  Committee,  and 

^^rith  the  approval  of  the  Library  Committee,  considerable  economy 

is  being  effected   in   the   expenditure  on  binding,  especially  as 

.rds  periodicals. 

A   list  of   the  Proceedings   of  other  Societies,   and   of  the 
ehnlcal  journals  received  by  the  Society,  is  appended, 

F,  H,  WEBB, 
7th  Deremhtr,  1SS7.  tiecrttnry. 


tANSACTIONB,  PROCEEDIXOS,  Etc.,  BECEIVKD  BY   THE  SOCIETY 

ENOUSB. 

Aaiittic  Society  of  Bvngnl,  JouriiiLl  anil  Proceeiliujjt. 

Cambridge  PhiloBOi)liieii]  Kociuty,  Proci-'tiliiigH. 

CBmern  Club,  Proceeding*. 

Oreetiwich  Miignetical  and  Meteorolcigicul  Ob^ervatiom, 

Incorporalt^d  hnw  Sociely.  Ciileiiilar. 

Xiuiiluie  of  Fattiiit  Agenis,  TntDSHctiitiii, 

Instil II rio/i  o/ Civil  Engineers,  Proceediiip. 


SU  LIST   OF  PEBIODICALS   BECEiVED. 

Inititalion  ut  Mechuuical  Engineers,  Fr»ce«diiigi, 

Iron  and  Steel  Instilnte,  Proceedioya. 

Liverpool  EngnneeriDg  Society,  Proci'eilings. 

Physical  Si>ciety,  Proceedivigs. 

BojrnI  Dublin  Society,  Tranaactiona  and  Proceedioga. 

Koyal  Engini-ers*  Inatitute,  Proceeding*. 

Royal  Inatitution,  Prcceeiliu)>B. 

Royal  Mele'irological  Sociely,  Proi^eediugs. 

Boyal  United  Service  Institution,  Procei'ding*. 

Society  of  Aria.  Journal. 

Society  of  Cliemical  Industry,  jLiunwl. 

Society  of  Engtneors,  Proctedlnjs, 

Univeraily  College  Ciilenjar. 

AMERICAN. 
American  Academy  uf  SeiencB  and  Arts,  Proceed iiigi. 
CanadiaD  Institution  of  Civil  Knglneers,  Proceedings. 
Franklin  Instilnte,  Journal  of, 
John  Hopkins  Oiiiverti'y  Circulars, 
Library  Bulli^tin  of  Cornell  Dniveraity. 
Ordnance  Depnrtmeni  of  the  United  Slates,  Notei. 
Smithsnnian  In;lituiiun  Bepjris. 

FRENCH. 

Soci^t^  Betge  d'Electriciens,  Bulk-tin  de  la. 

Bociiit^  Fmn^aise  de  Physique,  Stances  <ie  la. 

BocKtf  di.>i  Ingeuieurs  Civila,  M^moirea. 

Soci^td  Internationale  dea  EleetHciens,  Bulletin  lie  lu. 

Bodjt^  BcientiHcjas  Industrielle  de  Marseille.  Bulletin  dv  Ift. 
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LIST   OF   PERIODICALS   RECEIVED  BY  THE  SOCIETY. 

ENGI.ISH. 

Electrical  Engineer. 

Electrical  Plant. 

Electrician. 

Engineer. 

Engineering. 

Engtiali  MecUuniu  and  World  ol  Science. 

Illuatraled  Journal  of  Patenlcil  Invention. 

Indian  Engiiit^er. 

Industries. 

Invention. 

Machinery  Murket. 

Mechanical  Progress. 

Military  Telegraph  Bulletin, 

Nature. 

Pat-ent  Offlce,  Oflicial  Journal  of. 

Philoaopliicnl  Magaiine. 

BcienliGc  Newa. 

Telegrapliic  Journnl  ttn4E\e';U\ci\'S.eN-,'f«. 
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AttEftlGAM. 
Elect  rioal  Keview. 
EJectrician  and  Electrical  Engineer. 
Journal  of  llie  Teles-raph, 
Science, 

Scientific  Americun. 
United  States  Patent  OlRee,  Official  Goielte  of. 

FRENCH. 

Annnlea  T^lc^aphiqn^s. 

Cmmos  lei  Huiides. 

L*£leclriciW. 

Juumal  lie  Pliyaiqui^. 

Journiil  T^l#graphiqiie. 

La  Lumi^re  Electrique. 

L'Eleclricien. 

Bevne  IntemBtionale  ilu  t'I^:tectrioit4  et  de  tei  Application!, 

GERMAN. 

Annalen  der  Phyiik  unci  Cheinie, 

Beiblarttr  zn  ilen  Annalen  der  Phjsik  uad  Chemie. 

Oentratblatt  Tilr  EleklrotecliDik. 

ElectrotechtiiacLer  Anzeiger. 

ElektrutefhniBclie  ZeiticLrift. 

Verliandlungen  des  Vtreina  xnr  Befordening  de*  Qewerbfleisafs. 

ZeitBclirift  fur  Elcktrdleclinill, 

Zeiisclirift  fur  Instrumtiitkunde. 


ITAUAN 

Giomale  del  Genio  Civile. 
D  TeleErailitH. 
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The  Presidext  moved — "  That  the  Report  of  the  Council, 
"as  just  read,  be  received  and  adopted,  and  that  it  be  printed 
"in  the  Proceedings  of  the  yociety." 

Mr.  J.  E.  H,  GoRDOS  seconded  tlie  motion,  which,  being  put 
from  the  Ciiair,  was  carried  unanimously. 

Mr.  A,  Stiioh  :  I  have  great  pleasure  in  moving — "That  the 
"cordial  thanks  of  the  Society  lie  jiresented  to  the  President, 
"Council,  and  Members  of  the  Institution  of  Civil  Engineers  for 
"  their  liberality  in  continuing  to  allow  the  .Society  to  hold 
"its  fortnightly  meetings  in  the  theatre  of  the  Institution, 
"and  for  so  kindly  again  extending  the  privilege  for  a  certain 
"  number  of  additional  meetings  beiog  held  dtiring  the  session." 

Professor  D.  E.  HiiGtiES  seconded  the  motion. 

The  Pbesidest  :  There  can  be  no  ditTerence  of  opinion  u\»on  the 
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Amotion  before  yon,   as  the   least   ve   can   do   in   the    way 
acknowledgment   for  our   hospitable  reception   here,  by  what 
may   call   our    mother   Society,   is   to  pass   each    a    resolution, 
unanimoosly. 

The  motion  vas  carried  by  accUmation. 
Sir  David  Sa[^moxs;  I  have  a  resolution  to  move  which  I  anr" 
iure  will  be  received  quite  as  heartily  na  that  which  has  jusl  been_ 
adopted.     It  is  often  said  that  people  who  are  abeent   are 
quently  forgotten  altogether;  stall  events  there  is  on  old  German' 
saying  to  that  effect.     But  there  is  another  saying — an  Englis 
one — that  "  absence  makes  the  heart  giow  fonder."    I  am  not  sl 
whether  that  is  the  right  way  of  pntting  it,  but  my  resolution  is- 
"  That  the  thanks  of  the  Society  be  presented  to  those  members  who" 
"  80  ably  represent  it  abroad  as  Local  Honorary  Secretaries  and  Trear-^ 
"  Burers,  for  their  continued  attention  to  it«  interests."     I  may  tel 
you  that  the  business  of  the  Local  Honorary  Secretaries  abroad  is 
certainly  very  onerous.     It   is   not   the  same   here,  where   thfl 
members  are  more  or  less  concentrated,  where  a  directory  can 
taken  out  and  particulars  found  of  the  whereabouts  of  persona 
But  abroad  search  has  to  be  made  all  over  the  place  to  find  wha 
gentlemen  are  likely  to  join  us,  and   likely  to   be  useful  wh* 
they  have  joined.     I  learn  from  our  Secretary  that  the  two  Local 
Honorary  Secretaries  last  api>ointed,  viz.,  Mr.  Kingsford  in  Pern, 
and  Jlr.  T.  R.  James  in  Victoria,  ha\e  done  exceptionally  well  in 
already  bringing  a  great  many  new  members  to  our  ranks,  and 
move  the  resolution  with  very  great  pleasure. 

The   PRESIDEKT    seconded   the   motion,   which   was   heartily 
carried. 

The  ballot-boses  were  withdrawn. 

I        Mr.  C.  E.  SpaonoL£tti  (Past-President):  I   have  very 
pleasure  indeed  in  moving — "  That,  the  thanks  of  the  Socie 
"  are  due  to  Mr.  Edward  Graves,  ^■.P.,  Honorary  Treasurer,  for 
"  continued  watchfuluess  over  the  financial  interests  of  the  Society." 
We  all  know  bow  carefully  Mr.  Graves  looks  after  our  interests, 
and  we  also  know  how  difficult  it  is  to  get  money  from  him  unleaf 
8  very  good  reason  for  it  is  forthcoming.     He  has  kindly  acted  am 
our  Honorary  Treasurer  fot  inau^  ^eata^atid.  will  continue  to  do 
o,  I  hope,  for  many  years  to  come.  J 
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Mr.  E.  B.  Briuht  seconded  the  motion,  which  was  carried 
unanimously. 

Mr.  Edward  Graves,  V.P.  :  I  thank  you  very  much  for  the 
compliment  you  hnve  paid  me,  though  I  fear  I  but  httle  deserve 
the  honour.  I  am  glad  to  say  that  the  finances  of  the  Society 
ai'e  in  a  much  healthier  condition  than  they  were  some  years  ago. 

Sir. Edward  Graves,  V.P,:  I  l)eg  to  move — "That  the  thanks 
"  of  the  Society  be  presented  to  Sir.  J.  WagstafF  BluudeU  and  to 
*'  Mr.  Frederick  C.  Danvers  for  their  kind  senices  as  Honorary 
"  .\uditora."  The  Auditors  have  a  somewhat  thankless  task.  They 
have  much  work,  they  pursue  it  in  the  dark,  and  little  ia  known 
of  it  J  but  on  the  careful  discharge  of  those  duties  the  successful 
result  of  oui-  financial  balance-sheet  must  greatly  depend. 

Professor  G,  Forbes  seconded  the  proposition,  which  was 
carried  unanimously. 

Mr,  Alexander  Siemens  :  We  have  another  debt  to  pay  for 
services  rendered  voluntarily,  and  I  beg  to  move — "That  our 
"best  thanks  are  due  to  our  Honorary  Solicitors,  Messrs.  Wilson, 
"  Bristows,  &  Carpmael,  for  the  kind  and  valuable  services  rendered 
"  lo  the  Society  by  them  through  G.  L.  Bristow,  Esq."  Those 
legal  services  keep  us  out  of  harm's  way,  and  have  a  deal  to  do 
with  the  smoothness  in  which  the  working  of  the  Society  has  been 
conducted. 

Mr.  W,  H.  Preece  seconded  the  motion. 
I  The  President:  It  may  be  supposed  that  the  Society  does  not 
very  often  get  into  law,  and,  for  that  matter,  T  do  not  remember 
any  law  proceedings  in  which  the  Society  lias  been  engaged — that 
is,  in  litigation  ;  but  still  there  are  matters,  such  as  the  drawing 
up  of  agreements,  the  settling  of  rules  and  regulations,  and  so 
forth,  in  which  we  have  bad  most  valuable  assistance  from  our 
Honorary  Solicitors. 

The  motion  was  carried  unanimously, 

Mr.  G.  L.  Bristow  :  I  am  sure  I  thank  you  very  sincerely 
for  your  kind  vote  of  thanks,  and  also  for  the  manner  in  which  it 
has  been  proposed  and  seconded,  and  I  ara  indebted  for  the  kind 
support  of  your  President.  I  am  afraid  that  I  am  before  you 
to-night  almost  under  false  pretences.     Others  before  me  have 
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received  your  tlianka  for  various  good  services  rendered  during 
the  post  year.  I  am  in  the  position  of  having  done  little  or 
nothing  at  all ;  but  still,  if  there  had  been  occasion  for  any  legal 
aasietance,  I  am  sure  I  should  have  been  very  pleased  to  have 
rendered  it ;  and  in  the  future,  should  there  be  occasion,  I  hope 
I  shall  not  be  backward  in  doing  my  best.  I  again  beg  to 
thank  you. 

The  Pbesidest  :  While  the  Scrutineers  are  looking  over  the 
ballot  papers,  we  will  proceed  with  the  ordinary  bosineBs  of  the 
meeting. 

The  following  paper  was  then  read: — 


ON  SAFETY  FUSES  FOR  ELECTBIC  LIGHT  CIKCUITS, 
AND  ON  THE  BEHAVIOUK  OF  THE  VARIOUS 
METALS  USUALLY  EMPLOYED  IN  THEIR  CON- 
STRUCTION. 

By  Arthcr  C,  Cockburn,  F.C.S.,  Associate. 
I  venture  this  evening  to  bring  before  your  notice  a  subject 
which,  considering  the  rapid  development  of  electric  lighting,  I 
think  ia  of  importance,  namely,  electric  fuses,  or  cut-outs,  for 
assisting  in  the  protection  of  buildings  from  lire  arising  out  of 
the  employment  of  electricity  for  light  or  transmission  of  power. 
With  the  use  of  electricity  spreading  as  it  is  so  rapidly  in  all 
directions?,  it  behoves  every  electrical  engineer  to  see  that  no 
discredit  be  thrown  upon  the  use  of  electricity  as  a  domestic 
agent  through  bad  work  and  subsequent  chance  of  fire  breaking 
out,  and  to  prove  to  the  public  at  large  that  an  installation  of  the 
electric  light,  or  of  power,  is  not  a  source  of  danger,  but  that  it  is, 
when  carefully  put  up  and  looked  after,  one  of,  if  not  tke  safest 
means  of  providing  both  light  and  power.  We  have  had  recently 
the  burning  of  the  Exeter  Theatre,  the  Opera  Comique  in  Paris, 
and  other  building?  in  which  gas  was  used,  and  which,  from  the 
very  nature  of  the  proceedings  carried  on  in  them,  were  rendered 
very  liable  to  fire — examples  of  the  need  of  a  safer  method  of 
lighting.  Of  course  the  first  outcry  was  that  electric  light 
shoald  be  employed  as  one  oK  IW  9aiK«'gAMiSs,,w\4.o^\Vft  tightly 
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'bo;  but  at  the  very  time  appears  a  letter  to  the  effeot  that  the 
employment  of  electric  liglitiug  was  itself  a  source  of  much 
drager  through  the  overheating  of  the  cables,  &c.  Now,  on  those 
^kvho  do  not  know  better,  how  does  thia  etatement  act  ?  Why, 
they  jump  to  the  immediate  conclusion  that  the  electric  light 
is  something  to  be  greatly  feared  and  avoided ;  and  it  would  take 
great  deal  to  convince  them  to  the  contrary.  Now  we,  aa 
elcctrieinus,  must  prove  to  the  public  that  if  the  work  is  under- 
taken by  reliable  firms,  and  erected  by  competeiit  hands, — if  the 
cables  are  of  the  right  size  and  properly  insulated,  the  switchca  of 

;be  right  sort,  and  the  leads  properly  protected  with  gcxnl  and 
efficieul.  fuses, ^such  overheating  cannot  take  place.  By  doing 
this  we  shall  greatly  advance  electric  lighting  in  the  minds  of  the 

lublie  as  the  safest  and  best  of  all  artificial  methods  of  illumina- 
tion, and  tend  to  make  its  early  adoption  general.  Now  I  have 
used  the  words  ffooil  and  efficient  fuses,  for  unfortunately  the 
rage  after  everything  cheap,  no  matter  how  bad  or  inefficient,  and 
IB  keen  competition  to  get  work  at  any  price,  has  led  to  the 
employment  of  some  fuses  which  are  anything  but  what  they 
should  be.  Among  the  many  statements  that  have  been  made 
with  regard  to  electric  lighting,  we  all  remember  how  it  was  said 

that  a  cut-out  was  an  absolute  protection  against  an  electrical  fire, 
and  how  this  was  believed  in  by  a  large  majority  of  the  public  until 
Air.  Musgrave  Heaphy's  letter  appeared  in  the  Times  in  1883  describ- 
[ing  a  fire  into  the  cause  of  which  he  had  to  investigate.    lu  this  case 

le  found  the  conductors  most  carefully  put  in,  and  well  protected 

ly  delicate  fuses,  yet  an  electrical  fire  broke  out.     No  cut-out,  no 

itter  how  good,  will  Ije  of  any  use  in  the  case  of  a  breaking  of 

le  lead  wire  and  consequent  arcing,  or  the   overheating   of  a 

switch,   for  example.     This   was   followed   by  a  statement  that 

cut-outs    were    a   source  of  danger,      ft   is    unfortunately 

■ue  that  many  of  the  fusible  cut-outs  that  have  been  in 
the  market  are  not  only  inefficient  as  protectors  against  fire, 
but  have  been  themselves  frequent  causes  of  tbat  which  they 
professed  to  prevent.  We  have  now  many  cases  in  which  cut- 
outs, failing  to  act  when  required,  bave  themselves  become  the 
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I  would  here  meiitioD  that  my  attention  was  first  called 
to  tbe  inveHtigalion  of  this  eafaject  by  a  vUit  to  Mr.  Mosgra^e 
Heaphy,  vliose  great  experieoce  of  electrical  fire  risks  we 
all  kiiaw.  In  the  couree  of  An  intemew  with  him  1  gleaned 
nach  infonnation,  and  lie  kindly  gave  me  pennisBion 
exaniiuc  hi«  (x>lIection,  only  resening  those  samples  which  he 
could  not  honourably   show   me   without   permission   of  certain 

^firma.  This  led  me  to  eee  tlie  want  of  an  absolutely  reliable 
cut-ont.  An  inefficient  cnt'Ont,  withoni  any  fire-]iroof  proteo- 
linti  roand  it,  I'lnc-d  between  floors  and  ceilings,  under  roofs, 
behind  skirting  Ixwrdn,  and  other  irimilar  spots  where,  if  a 
fire  were  to  break  out,  it  would  at  once  get  a  good  hold,  adds 
to  tiie  risk.  For  example,  you  will  find  cut-outs  of  wood  that 
hiw  not  been  rendered  fire-proof,  with  a  plain  piece  of  wire  rest- 
ing on  its  dry  surface,  ready,  directly  the  wire  becomes  Ted-hal 
(and  not  broken,  which  is  not  an  unfrequent  occurrence),  to  take 
fire  and  communicate  it  to  the  building.  Again,  1  have  found  a  short 
pieceofgrooved  wood,  with  twoplatesof  brass  inserted,  the  extreme 
width  of  break  between  them  being  only  three-eighths  of  an  inch, 
with  a  short  piece  of  fuse  wire  fixed  across  them,  and  resting  on 
tlie  wood,  which  waw  all  chaired  below.  I  maintain  that  such  work 
as  this  is  not  only  bad,  but  is  the  very  thing  to  bring  electric 
light  into  disrepute.  It  ia  against  these  false  protectors  that  I 
ftflk  all  electrical  engineers  who  have  the  welfare  of  their  pro- 
fenMion  at  heart  to  set  their  faces.  True,  in  the  case  of  a  dead 
uliort-circuit  auch  a  fuse  may  act  j  but,  ns  I  projiose  to  demonstrate 
to  you,  such  wires  so  fitted  are  dangerous,  and  for  currents  in 
slight  excess  above  the  normal  will  often  actually  become  red-hot 
long  before  giving  way.  A  fuse  wire  .should  never  be  leas  than 
IJ  in.  long,  even  when  fitted  into  the  best  fuse-holder. 
Now,  above  nil  things,  it  is  necessary  that  electric  light  installa- 
tions should  be  so  erected  aa  to  ensure  public  confidence  in  their 
freedom  from  danger.  All  the  arrangements  ehould  be  of  the  best 
kind.  It  must  be  made  literally  impossible  for  any  wire,  whether 
main  or  branch,  to  become  overheated  by  the  passage  of  an 
excess  of  current  through  it.     That  is  to  say,  every  wire  must 

Vbe  jjrotected    by  .  re\iab\e  t;u\,-flv\\.s  v\\o.\,  Vv'i  vti'iXK&tV'j  bteak 
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^■le  circuit  if  the  current  atlaiiis  a  strength  in  exceas   of  that 

^■phich  the  wire  is  able  to  carry  with  safety  ;  nnd  the  fuse  should 

^Tiever  allow  a  current  of  more  than  100  per  cent,  above  the  normal 

to  pass;  ami  I  would  [irefer  even  a  less  margin  than  this.     It  is 

^Hlso  of  importance  that  the  lampa  should  be  properly  protected, 

^Bnd  this  can  easily  be  done  when  one  employs  a  cut-out  which  is 

^■o  constructed  as  to  act  with  precision  and  promptitude  when  a 

Haefiuite  strength  of  current  is  reached  ;  less  margin  being  allowed 

for  excess  than  above  mentioned.     True,  one  does  not  like  to  be 

■tout  in  darkness,  through  the  fuse  being  too  sensitive  and  acting 

^^oo  easily ;  hut  snfEcient  allowance  can  be  made  for  a  slight  and 

harmless  excess  of  current,  and  a  little  above  this  point  the  lamps 

Hpvould  become  their  own  fuses,  bo  even  then  darkness  would  result. 

^xhis  objection,  therefore,  falls  to  the  ground.      Moreover,  since 

^^the  coat  of  one  cut-out  is  less  than  the  fortieth  part  of  the  cost 

Hof  one  lamp,  the  cost  of  protecting  even  single  lampa  is  worth 

incurring.     In  cases  where  accumulators  are  used,  they,  too,  need 

protection  for  themselves — not  always  to  be  obtained  by  the  use  of 

a  magnetic  cut-out  merely,  which  may  or  may  not  act,  and  which, 

iivhen  not  acting,  is  worse  than  useless.  Moreover,  when  accumu- 
lators are  used  in  an  installation,  especial  care  should  he  taken 
that  the  fuses  are  etEcient;  because  the  cells  are  capable  of 
damaging  themselves,  as  well  as  the  wires,  by  reason  of  the 
immense  currents  which  they  instantly  furnish  when  short- 
circuited.  In  this  case  the  jirotection  of  one  of  the  two 
wires  is  not  sufficient.  A  double-fiole  cut-out  should  always 
be  used,  both  on  the  mains  themselves  and  on  all  principal 
^kbranches.  For  example,  a  single-pole  cut-out  is  placed,  say, 
en  the  negative  lead.  Xow  by  some  accident  this  lead  comes 
into  contact  with  a  gas  pipe,  or  gets  earthed  somewhere  between 

>the  fuse  and  the  dynamo.  Now  of  what  use  will  this  fiiae  be 
if  a  short-circuit  takes  place  between  the  positive  lead  and,  say, 
the  gas  pipe  ?  The  current  would  pass  by  way  of  the  positive 
lead  and  the  gas  pipe,  and  not  through  the  fuse  at  all.  So 
lif  an  electrical  fire  occurred  it  would  burn  itself  out,  the  fuse  not 
acting.  If,  however,  the  positive  lead  were  also  protected  with 
la  fuse,  then  directly  a  short-circuit  occurred  one  or  the  other  fuse 
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Tben,  a^uD.  i*  the  tmulan  of  the  dynaao  to  be  made  ttt 
Mil  fow  tn  the  erent  of  «  un^ipJue  rikort-aremt  oC  the  uju 
taking  plaee  ? 

ADOther  TCfj  unjfortmnt  leacoe  ior  having  good  (bms  ts  the 
pnrtection   from  bdshb  leakage  to  catth,  or  Eram  lead  to  lemi. 
If  a  fnfe  be  veil  eboeea,  a  modente  leakage  can  be  detected 
by   the  foie  aetutg  tbioagfa  the  pa^iage  of  the  exceaa  ennaat  _ 
over  that  required  for  the  ltuap»  tbemselre».  ^^M 

Xo«  vbat  are  the  wential  poiau  in  a  good  face  or  cotront  f 

Hfft,  and  AiceiBOft,  the  ftue  iteelf  most  hare  a  definite 
breaking  or  acting  point,  30  that  the  o^er  can  be  certain  of  the 
fiiae  arting  immediatelj  a  definite  perceniage  of  eioe^  of  ctnrent 
is  reached.  Thiu,  for  exanplei  say  the  aocmal  ctureiit  in  a 
draiit  i»  to  be  5  amp^na :  if  one  allows,  aoconling  to  the  rules 
in  jiraetice,  50  to  100  i>er  cent,  margin  for  excess,  that  woold 
mean  that  a  faf«  vhicti  auuld  act  with  certainty  when  10  amperes 
passed  through  it  would  hare  lo  be  inserted.  A  fase  marked  to 
go  off  at  3  ami)dr«s  and  not  acting  till  9,  or  one  marked 
(o  go  at  5  ampere?  not  acting  til)  26  ampdrea  pa^  thiotigh  it 
(■amplee  of  which  I  liare  had^  are  clearljr  inadmissible.  Take 
tbia  Utter  one  as  a  case  iu  point.  Marked  to  go  at  6  ampdre^  the 
cbanetrs  are  it  would  be  need  to  protect  a  S-amp^re  circuit ;  jet 
we  see  that  it  would  not  act  till  the  current  in  the  circuit  in- 
creased to  something  like  800  per  cent,  of  its  normal  value. 
The  fuse  it«elf  should  act  with  certalntj  within  0  per  cent,  to 
10  per  cent,  of  the  current  lo  which  it  is  ieeued  to  fuse  at,  and 
in  Ibis  way  a  definite  total  excess  can  be  allowed  and  deter- 
mined, and  the  circuit  thererore  protected.  Fuses  should  not 
easily  alter  their  breaking  xK>iDt,  or  much  change  with  time. 
Ordinary  fuse  wire  has  this  disadvantage,  as  will  be  presently 
shown.  One  of  the  chief  objections  to  using  cut-outs  in  which 
moving  parts  are  required  is  their  possibility  of  sticking  «t  the 
critical  moment.  Another  important  point  is  the  length  of  the 
aee.     Length  plays  an  important  part  in  the  (juestion  of  definite 
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breakiug  (loint,  A  reference  to  the  curves  on  the  wall  will 
dearly  show  this ;  but  we  shall  deal  with  the  matter  more  in 
detail  further  on,  so  will  not  stoii  to  discuss  it  now.  The  material 
of  the  fuse  should  be  .such  that  it.  will  not  oxidiee  readily.  If 
a  wire  or  foil  be  used,  it  should  hang  free,  and  not  lie  upon  the 
holder.  For  if  a  wire  or  foil  touches  the  case  anywhere  else  than 
at  its  ends,  there  is  greater  tendency  for  heat  to  be  conducted 
away  from  the  wire  or  atrip,  and  at  the  same  lime  unnecessary 
^healing  of  the  holder  results,  this  fault  may  cause  the  holder 
to  crack,  as  in  the  case  of  vitrite — of  which  there  is  a  sample 
uiwu  thetable— or,  as  in  some  cases  where  bad  or  unprepared  wood 
is  used,  the  red-hot  wire  may  set  fire  to  the  wood  before  it  gives 
JHjfway  itself. 

The  fuse-holder  or  cut-out  case  should  be  made  so  that  only 

^Ahe  proper  size  of  fuse  can  be  inserted  in  it.     For  example,  say  a 

^Bolder  is  issued  with  contacts  capable  of  safely  carrying  8  amperes, 

^■jtnd  is  sold  as  such,  then  the  fuse  which  would  not  act  till,  say,  12 

^^mperea  were  passed  through  it  should  he  of  such  a  size  as  not  to 

fit  into  such  a  fuse-holder.     Unless  the  metal  contacts  of  the  fuse- 

^uozes    are  made  unnecessarily  thick,  this  is  important,  or  the 

heating  of  the  contacts  themselves  mny  result.     There  is  a  still 

more  important  reason  why  only  a  proper  size  of  fuse  should  be 

used  with  certain  size  contacts — viz.,  that  the  exact  breaking  point 

of  a  fuse  depends  very  much  upon  the  size  of  the  metal  contacts 

with  which  it  is  used.     On  the  cune  for  tin  No.  2  you  will  see 

kthe  difference  of  fusing  point  for  various  lengths  of  similar  wires 
of  37  mm.  diameter.     This  difference  is,  as  you  will  see,  very  large, 
^d  clearly  shows  that  if  accurate  vrork  has  to  be  done  the  fuse 
must  be  marked  with  the  current  at  which  it  will  fuse  when  used 
in  its  own  holder  or  box,  and  must  not   lit  any  other  form  of 
H  holder.     In  other  words,  it  must  be  tested  in  combination  with 
detinite  size  contacts,  and  issued  to  be  used  with  such.     Care 
_   should  be  taken  thj^  the  material  of  the  fuse-boxes  is  good,     No 
K  wood,  except  box-wood,  should  ever  be  employed  unless  specially 
made  fire-proof.     If  the  fuse  to  be  used  can  get  red-hot,  jwroelain, 

Ciaked  and  double-glazed,  is  to  be  preferred,  or  slate, 
le  metal  contact-pieces  and  screws  should  be  thick  enough 
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aad  Make*  a  good  fmad  jobL    1b  tbe  c»c  of  *— '*™g  wires  of 

[  wm,  I  fRifa- ifcM  the  cndt  of  the  win 
•  tW  mU  MBtaet-iMns,  sad  Ukcm  be 
beU  iritb  a  Ktrw,  in  laefctemc  Is  wmptf  psiog  nsad  or  under 
»  Kfcw  Wad. 

The  caaea  -»■■*—'»;  tfae  cot-oaU  diaaU  faeof  saeii  cues  and 
ilia|w,  i«H  the  anaagnaeaU  of  faoka  ftr  taaatMBof  thm  coo- 
dnctiag  vira  ihoold  be  toch,  that  an;  aiaifciiMii  eonld  baT«  tu 
dtfinUtT  in  fitting  them  bl  Pnrthci^  the  inooaui^  utd  octgnac 
vife*  thoald  not  bale  to  ooaa  or  asach  alter  tbeir  onliBai;  ootnsfe 
The  diagnnw  ibov  how  thti  inaj  be  effected. 

The  Aue  cbotiM  be  eaiT  to  replace  when  broken,  and  be  so 
inranged  that  good  contact  ia  certain  ;  otherwise  heating  at  the 
Rtrfaoe  of  eootaict  between  the  fbte  and  its  clamps  will  result,  ud 
the  Hfetj  of  the  foee  be  therebr  endangered. 

9'henever  possible,  the  fose  sboold  be  in  sight ;  a  glau  «ofer 
to  the  box  IB  preferable.  In  manj  c^«g  this  ia  important,  it 
inrtanceB  have  been  known  in  vKiL-h,  because  n  fose  acted  iw 
frequently  to  please  a  workman,  a  piece  of  oof^ier  wire  has  been 
placed  behind  (he  foil,  and  m)  the  fose  rendered  practicalW  useless. 
Tlii*  in  inort  likely  to  be  done  in  the  larger  size  trnt-otttti,  so  here 
I  jiarticalarly  recommeiid  gla^  or  mica  froote.  The  transparent 
front  id  a).40  meful  in  quickly  delecting  if  the  fu^  has  acted, 
without  the  delay  of  unscrewing  or  taking  off  a  cap  or  lid  to  see 
which  is  the  fuse  that  has  to  be  rephiced. 

Tiow  to  stun  up  what  we  seem  to  want. 

First  of  all,  it  is  evident  we  want  a  good  fose-box  or  bolder, 

the  material  of  which  is  good ;  and  if  there  be  any  chance  of  the 

fu»e  wire  becoming  sufficiently  hot  to  scorch  ordinary  wood,  slate 

ir  eartheiivare  should  be  employed,  or  a  wood  box  lined  with 

bntoa. 
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It  is  also  requisite — That  the  metal  contact-pieces,  or  clampB, 
be  large  enough  for  the  current  they  are  to  carry. 

That  the  arrangements  for  fixing  the  fuae-hos  be  simple  and 
intelligible, 

That  good  connection  be  provided  for  the  condncting  wires. 

That  the  arrangements  are  such  that  a  broken  fuse  can  be 
Msily  and  qiiickly  replaced, and  good  electrical  connections  made. 

That  the  length  of  fuse  shall  not  be  less  than  IJ  in,  in  the 
clear ;  shall  tit.  only  its  own  bos  ;  and  shall  have  a  definite  breah- 
iriff  point.  That  it  shall  not  possibly  be  able  to  oxidise  or  become 
red-hot. 

That  the  fuse-bo3  should  be  well  within  sight,  so  that  any 
tampering  with  box  or  fuse  can  be  easily  seen  j  and  in  the  case  of 
magnetic  cut-outs  in  which  mechanical  motion  is  employed,  that 
there  should  be  good  clean  pivots  or  joints. 

On  the  table  before  you  are  a  large  variety  of  fuses  and 
cut-OQts,  all  made  more  or  leas  to  fulfil  these  requirements. 

One  of  the  earliest  forms  is  that  in  which  a  piece  of  wire,  of 
lead,  copper,  or  other  metal  or  alloy,  is  used.  Now  there  are  mitny 
|)oints  in  favour  of  wire  as  a  fuse,  not  the  least  of  which  is  the 
eaae  of  use ;  but  even  this  ease  has  its  abuse, 

I  have  seen  a  cut-out  made  of  a  block  of  wood,  with  two 
mall  plates  fixed  to  its  surface  with  screws  ;  a  length  of  fusible 
vire  was  wound  several  tiraea  back  to  and  fro  across  the  sur&ce 
of  (he  wood,  the  person  who  fised  the  siime  especting  the  sumll 
screw  to  properly  hold  all  the  rounded  wires  then  placed  under  it. 
In  this  case  heating  wtts  set  up  at  the  imperfect  joint  of  the 
Bcrew  and  wires,  and  fire  was  the  result.  It  ia  so  easy  with  a  long 
length  of  wire  to  wind  it  on,  disregarding  the  very  object  for 
which  the  cut-out  is  put  iip.  If  the  wire  had  been  in  a  definite 
length  suitable  to  the  holder  this  would  not  have  been  possible, 
Bave  by  deliberate  action. 

Another  strong  point  against  ordinary  wire  is  that,  within 
a  large  range,  any  size  wire  can  be  inserted  in  any  size 
'liolder.  Thus,  in  a  box  only  fit  for  passing  o  current  of,  say, 
[fi  amperes,  a  short,  thick  piece  of  wire  capable  of  passing  60  or 
;80  amperes  (and  of  no  service  whatever  as  a  protector  of  the 
L     VOL.  XVI.  46 
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leads)  can  be  inserted ;    and,  as  the  curves  for  tin  No.  I  show, 
a  eligbt  alteration  of   length  means,  in  the  larger  size  wire,  a 
great   alteration   in  its   fusing   or  breaking    point.      Taki?,   for 
example,  a  tin  wire  22  mils,  diameter.     You  see  that  5  inches 
fuse  with  a  current  of   5  amperes,  3  inches  5-4  amperes,  and 
1   inch  8  am]>^res.     A  wire  of   larger  diameter  will  shuw  this 
even  better.     Here  is  one  of  62  mils,  diameter.     Now  5  inches 
of  it  fuse  with  a  current  of  19  amperes,  3  inches  23'5  ampere?, 
IJ  inches  34  amperes,  and  I  inch  44  amperes — a  difference  of 
10  amp^rea  for  only  half  an  inch  difference  in  length.      Xow 
you  will  notice  that,  as  the  length  of  wire  taken  gets  shorter, 
BO   the  curve   becomes   steeper ;   and   this   is   most   noticed  in 
the   case   of    the   larger  fuee   wires.     A   matter  of   a    fraction 
of    an    inch    makes    all    the   difference   in   the   actual    fussing 
point.     Here  are  curves  for  copper,  iron,  tin,  tinfoil,  lead,  and 
other  metals,  all  of  which  show  similar  effects;  and  I  wish  to 
thank  Mr.  Handcock,  one  of  my  co- assistants,  for  the  great  amount 
of  time  and  thought  he  has  spent  in  helping  me  to  cany  out  the 
work  of  this  investigation,  and  in  plotting  the  various  ounes. 
I  also  have  to  thank  my  friend  Mr.  Thomas  for  the  great  assist- 
ance he  rendered   me  in  the  earlier  parts  of  the  work.     These 
curves  are  the  results  of  many  hundreds  of  experiments,  and  all 
the  testa  were  made  with  the  same  pair  of  contacts  (except,  of 
course.  No.  1  and  the  lower  curve  in  No.  2,  in  which  the  question  of 
effect  of  mass  of  contacts  was  the  object),  and  under  the  same 
conditions  with  regard  to  instruments,  position,  &c, ;  also  avoiding 
unequal  errors  from  loss  of  heat  by  radiation,  conduction,  &c.,  as 
much  as  possible.     To  get  at  a  fair  average  for  the  true  relative 
breaking  points,  the  time  allowed  for  the  experiments  varied  in 
each  case — from  a  current  suddenly  put  on,  to  a  current  steadily 
increasing  in  strength  for  a  quarter  of  an  hour.     To  more  nearly 
approach  actual  practical  work,  in  most  eases,  at  the  end  uf  each 
nt  of  experiments,  when  we  were  fairly  sure  of  what  current 
was  required  to  cause  the  fuse  to  act,  a  current  just  below  the 
critical  strength  was  caused  to  pass  through  a  fuse  for  some  time, 
to  allow  the  flow  of  beat  from  the  wire  (o  the  contact-pieces,  and 
their  heating,  to  become  uniform;  the  current  was  then  gently 
JDcrcased  till  rupture  o^  Oae  mie  ■vas  \\i«  timsM^.. 
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This  dependence  upon  length  is  a  strong  point  against  ordinary 
fuse  wire ;  but  still  stronger  is  the  fuct  that  if  the  current  floning 
through  a  piece  of  fusible   aUoy  or  tin  wire  be  only  slightly 
.  increased  above  its  normal  value,  then,  instead  of  the  wire  fusing, 
^pit  heats  up,  and  a  film  of  oxide  forms  upoa  its  surface.     Tlie 
corves  for  this  are  well  shown    by  the  dot  and  dash  line  on 
diagram   for  tin  No.  3.     At  first  this  film  is  thin,  and  easily 
artificially  broken ;  but  a  alight  increase  of  the  current  causes 
this  film  to  grow  with  great  rapidity  and  form  a  hard  shell,  or 
outer  flkin,  upon  the  wire.     This  skin  is  capable  of  holding  up 
the  molten  metal  inside  in  a  manner  similar  to  a  pipe  conveying 
water.      The  wire  when  in  this  state  will  allow  a  much  stronger 
current  than  the  normal  to  pass  through  it,  without  its  giving 
way,  than  would   have   been   sufficient   to  fuse   it  in  the   first 
instance.     The  resistance  of  the  wire  is  now  increased  by  reason 
of  this  partial  conversion  of  its  metal  into  oxide.     Now  resistance 
to  the  passage  of  an  electric  current  means  the  development  of 
heat    at    the    place   where    the    resistance   is   offered.     A    rise 
of  temperature   follows,   and  the  current   also  being  above  the 
normal  the   wire   soon  becomes  red-hot,  and   capable  of  setting 
fire  to  anything  of  a  combustible  nature  it  comes   in   contact 
with,  in  which  case  causing  a   fire  iniLnediately.     There  is  still 
a  further  objection  to  the  use  of  ordinary  fuse   wire,  namely: 
If  the  wire  when  in  a  molten  state,  as  just  described,  hangs  so 
that  one  part  is  at  a  lower  level  than  the  rest,  the  molten  metal 
will  flow  through  the  tube  of  oxide  from  the  portion  of  the  wira 
at  the  higher  level  to  that  at  the  lower.    This  was  also  noticed  in 
the  experiments   conducted   by  Mr.  Heaphy;  and  he  advocated 
placing  the  fuse  wire  in  a  vertical  position,  so  that  the  molten, 
metal  would  run  down  the  inside  of  the  tube,  as  it  were,  to  tha 
bottom,  and  so  assist  rupture.    But  my  exijeriments  show  that 
this  cannot  always  be  relied  upon,  though  a  step  in  the  riifht 
direction ;  for  while  the  fuse  thickens  at  the  lowest  parts,  tha 
upper  ends  or  parts  thin  gradually  away,  leaving  only  the  oxide 
to  hold  it  up.     This  causes  the  fuse  to  become  very  unreliable. 
Sometimes  the  thin  film  of  oxide  may  give  way  with  the  passage 
of  a  current  far  below  the  normal ;  at  others  it  may  become  red- 
hot  and  cause  Bre. 
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Nuw  we  come  to  strip  foil.  I  cannot  uy  that  foil  ia  reliable, 
bat  stilt  it  liBs  a  greitt  sd^-antage  over  i>Uio  vir«.  One  oljectios 
to  tU  use  is  its  being  to  Ibin  and  hanng  to  be  more  or  les8 
attavbed  to  a  EujijMtling  subatsnce  over  the  whole  of  Ita  lengtli. 
Foil  also  will  uxidise,  and  does  not  go  off  wben  made  ap  as  a  tnae 
•t  u  de&nJte  a.  mark  as  is  desirable.  For  instance,  here  ore  eome 
fosea  marked  to  go  at  3  amperes,  which  went  off  at  9  amperes ;  one 
marked  to  go  at  D  ampil-res  went  off  at  20  amperes,  JStc  Here  one 
of  another  maker,  marked  to  go  at  5,  went  off  at  2!6*I  amperes,  or 
at  400  i>er  cent,  incrwise  of  current.  The  above  curre  will  show 
you  the  results  of  a  number  of  experiments  with  foil  that  was  not 
made  uji  as  a  fuse  with  supjiort  for  the  tin.  The  usual  length  of 
the  made-up  fuse  'n  between  1  and  lj|  ia.  in  the  clear,  or  the  bad 
part  of  the  curve.  Again,  it  is  not  so  easy  to  be  certain  of  the 
same  breadth  and  tbickne»  as  one  can  be  of  the  diameter  of  a 
carefully  drawn  wire. 

In  1879  Prof.  S.  P.  Thoaipson  invented  an  improved  form  of 
fuse,   or    cut-oat.      It   consisted  of  t»o  wires,  A,  A'  (see  Fig.), 


A" 


^ 


m 

B 


of  iron,  which  were  fastened  together  at  B  by  means  of  a  ball 
of  lead  and  tin,  or  other  easily  fasible  melal,  which  was  cast 
on  to  them.  On  the  passage  of  a  current  of  sufficient  strength 
through  the  fuse  the  wires  and  ball  became  heated,  the  lead 
melting,  dropping  down,  and  so  allowing  the  wires  to  fly  apart 
and  break  the  circuit. 

A  somewhat  similar  fonn  of  fuse  is  that  due  to  Sir  William 
Thomson.  It  consists  of  two  springs  with  their  tips  soldered  with 
a  fupible  solder.  I  have  not  tried  this  fuse  for  definite  breaking 
or  fusing  jwiut.  The  Hprings  themselves  foim  the  chief  resistance 
to  the  How  of  the  current,  and  become  heated,  thereby  melting 


'■] 


ON   SAFETY   FDS£S,  Eie. 


<Gl 


le  solder  and  flying  aiiart.  Then  we  h.ive  electro-magnetic  cut- 
outs, about  which  much  that  ia  good  might  be  said  when  they 
are  carefully  made,  and  when  they  are  uranted  to  protect  main 
leads ;  but  when  it  is  required  to  protect  the  smaller  branches 
(and  the  protection  of  the  branches  is  very  important,  as  a  very 
moderate  current  of  but  a  few  amperes  can  do  much  damage  if 
let  loose)  this  form  of  cutnsut  then  becomes  both  cumbersome 
and  too  espensive.  But  so  long  as  tliey  do  not  become  stiff  and 
are  well  looked  after  they  are  excellent  for  protecting  the  main 
leads  from  the  dynamo.     They  also  have  Ihe  advantage  of  being 

^■asily  replaced  by  pushing  over  the  armature.  I  have,  however, 
seen  one  of  these  instruments  burnt  up — I  believe  simply  due  to 

^^be  moving  parts  becoming  clogged  or  dirty. 

^P  The  cun,-es  (Plate  I.)  show  the  results  of  numerous  ex- 
periments tried  with  various  metals.  For  instance,  take  lead.  This 
metal  melts  at  334"  C.  Compared  with  silver  as  100,  its  conduc- 
tivity is  about  7'7.  It  is  very  liable  to  oxidisation,  and  one  of  its 
greatest  drawbacks  is  the  difficulty  of  drawing  it  into  a  fine  wire 
of  uniform  diameter,  due  to  accidental  stress  and  other  causes. 
From  the  curve  you  will  see  that  the  breaking  point  of  lead  is 
very  greatly  dependent  upon  length ;  and  our  experiments 
prove  this  unreliability  to  be  owing  chiefly  to  oxidisation.  Copper 
was  next  tried.  This  has  a  melting  point  of  about  770"  C,  is  a  good 
conductor,  but  has  Jte  defect  of  becoming  red-hot  before  it  gives 
way;  also,  if  it   is  heated  up  to  a  red  heat,  then  cooled,  then 

^ueated  up  again,  it  varies  its  breaking  point  and  becomes  very 
'  uncertain.  Eeference  to  the  curve  for  copper  will  clearly  show  that 
length  affects  the  definite  breaking  point  very  much,  a  difference 
of  1)  in.  in  a  wire  of  24  mils,  diameter  causing  as  much  as 
20  amperes  difference  in  the  wire's  breaking  point  ;  it  also 
oxidises,  and  for  certainty  of  action  cannot  be  recommended. 
Platinum  was  carefully  tried.   This  has  a  very  high  melting  point, 

IP^Bsd  is  a  bad  conductor  of  electricity  and  heat.     From  this  latt«r 

'  cause  it  is  not  so  subject  to  variation  from  difference  of  length,  but 

it  has  a  very  serious  objection  owing  to  its  high  melting  point ;  it 

becomes  red,  in  fact  white,  hot  long  before  its  breaking  jKiint  is 

reached.     Reference  to  the  curve  for  thia  meto.\  "kyW.  %\a«  Vkiai.  ■». 
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cturent  of  I4am]j^reswil]  mak«  1|  in.  of  ]i]atinam  vire  30milE.iD 
diameter  red-bot,  but  it  takes  a  corrent  of  24  amperes  to  fure  it ; 
in  otiier  words,  if  a  current  of,  nay,  18  or  20  amjidres  pasa  ibrongh, 
the  fu.se  would  remain  white-hot,  resembling  an  iacandesceot  lamp, 
■nd  yet  not  act  as  a  safety  fuse.  I'latiamu  most  therefore  stand 
condemned  as  essentially  unsafe.  Indei>en»ientty  of  its  w&nt  of 
safety,  the  expense  when  we  come  to  tbe  larger  size  fiisi^s,  and  the 
cost  and  mk  of  keeping  a  stock  of  s^xire  fuse  wire,  which  must  be 
on  hand  in  ease  of  a  breakage,  would  be  prohibitive. 

The  curves  for  iron  follow  the  platinum  curves  very  cloA^y* 
save  in  the  differences  between  the  currents  required  to 
tbe  wires  red-bot  and  those  required  to  melt  tbem ;  and 
melting  ]>oint  is  not  so  well-defined  with  iron  as  with  platinom. 
A  grent  and  fatal  fault  with  iron  Is  its  great  liability  to  oxidisation 
both  from  current  and  damp;  the  latter  alone  quite  prevents 
its  use. 

The  im]>ortance  of  a  detinite  length  being  employed  for 
fuse  is  clearly  shown  by  most  of  the  curves.  In  all  the  ei 
ments  of  which  the  curves  are  the  result  the  same  jiair  of  con- 
tacts were  used,  because  a  variation  in  the  mass  of  the  metal  of 
the  contacts  would  cause  a  variation  in  the  breaking  point,  and 
theu  the  result  could  not  have  been  eompart-d,  as  our  curves 
tin  No.  2  will  show.  You  will  notice  in  these  cun-es  that 
lowering  of  the  breaking  point  is  nearly  uniform  for  all 
lengllis  from  J  in.  to  5  in.,  viz.,  about  9  amji^res ;  the  form 
the  two  curves  remaining  otherwise  tbe  same. 

Now  how  are  we  to  obtain  a  definite  fuse  with  these  difficultifl 
in  our  way  ? 

lu  the  early  part  of  the  present  year  I  undertook  a  aeries 
tests  of  different  wires  for  a  large  electrical  firm,  with  a  view  to 
forming  some  table  of  breaking  or  fusing  points,  &c.  Some  of 
the  curves  then  obtained  are  before  you.  In  the  course  of  these 
exi>erimcnts  I  iMirticularly  noted  the  oxidising  and  then  heating 
to  redness,  before  fracture,  of  most  of  the  wires  used.  You  will  see 
on  the  curve  for  tin  No.  1  (l'\&tal.)&  dotted  line.  Ifoundthnt  tlM 
safe  length  of  wire  to  use  to  prevent  risk  from  fye  varied  witn 
the  sectional  area  ol  tiie  Tiiie  \iii4ev  \.e*.,  TO\i.  -\ivMi*.  wqt  l» 
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le^  than  the  length  sboira  on  the  left  of  the  dotted  line ;  shorter 
lengths  than  these  are  dangerous.  For  large  wires  one  was  pretty 
safe,  but  when  I  came  to  test  the  smaller  gauge  wires  I  found  that 
ns  great  a  length  as  3  to  4  in.  was  required  to  keep  clear  of 
danger — a  length  altogether  impracticable  for  ordinary  commercial 
lighting.  This  led  me  to  more  carefully  examine  the  subject, 
and  in  doing  so  I  noticed  that  in  every  case  before  the  wire  got 
red-hot  it  oxidised,  as  before  ejplained.  So  stiff  was  the  skin 
that  it  would  stand  a  moderate  push  without  giving  way.  The 
molten  metal,  being  thus  unable  to  escape,  became  hotter 
nnder  the  excess  of  current,  and  the  whole  mass  became 
red-hot  and  glowing,  and  able  to  set  fire  to  wood  that  had  not 
been  m.-ule  fire-proof.  Clearly  the  thing  to  accomplish  was  to 
break  down,  or  assist  to  break  down,  the  shell  of  oxide.  Various 
plans  suggeste-d  themselves,  such  as  springs,  Ac. ;  but  the  moat 
simple  and  effective,  I  found,  was  to  weight  the  wire,  by  means  of 
a  piece  of  similar  wire,  or  by  a  small  weight  slung  upon  it. 
This   was  tried  with  magical   result.      Not  only  was   the   wire 

ilutely  prevented  from  becoming  red-hot,  hut  the  film  of  oxide 

also  prevented  from  forming  at  all.  Thus  the  wire  is  always 
kept  bright,  clean,  and  its  sectional  area  at  its  ends  un- 
diminished by  any  thinning.  Further  exijeriments  showed  that 
by  using  suitable  weight-s  the  question  of  length  of  wire  became 
of  less  importance,  and,  moreover,  that  the  wire  had  acquired  a 
definite  breaking  point.  Of  the  various  metals  and  alloys  tried  I 
'have  found  pure  tin  to  answer  best.  This  raetal  has  a  lower 
melting  iKiint  than  lead  or  zinc,  does  not  readily  oxidise,  and  in 
feet  is,  as  you  are  aware,  largely  used  to  cover  ironware  goods  and 
protect  them  from  oxidisation.  Taking  silver  as  100,  the  condac- 
tivity  of  tin  for  electricity  is  11'4,  that  oflead  being  7*7. 

At  about  twice  the  temperature  of  boiling  water  pure  tin 
becomes  plastic,  or  semi-molten,  and  melts  at  2S5°  C. ;  at  tlua 
temjierature  it  will  not  char  wood.     It  is  when  in  this  state  of 

e,  and  before  it  has  time  to  oxidise,  that  the  action  of  the 
ipended  weight  is  felt.  The  wire  in  this  pasty  condition, 
though  able  to  hold  itself  up,  cannot  support  the  extra  weight  of 
the  shot,  so  drops  the  weight  at  the  first  moment  of  softening, 
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and  the  connection  ia  tlius  broken.  Aa  you  will  see  by  tbeee 
samples  on  the  table,  the  break  is  quite  clean  and  cert 
Anollier  fact  that  helps  to  give  the  fuse  such  a  definite  break 
point  is  that  the  wire,  being  at  such  a  low  temperature  when 
acts,  is  not  so  affected  by  radiation  aa  it  would  be  if  it  were  hot 
before  action  took  place  ;  and  greatly  from  this  cause  the  fi 
always  acts  at  the  same  current,  whether  in  the  open  or  shut 
in  a  confined  space  or  box.  Von  will  now  see  that  there  is  no 
absolute  need  to  iipe  any  other  than  a  wooden  fuse-box,  aa  the  w: 
cannot  possibly  become  hot  enough  to  even  scorch  the  W' 
much  less  set  fire  to  it ;  still  I  insist  that  all  my  fuse-boxes, 
made  of  wood,  are  lined  with  asbestos,  but  I  eyen  prefer  earthen- 
ware  if  possible. 

I  choose  lead  as  my  weight — 

(1)  Because  of  its  high  specific  gravity,  which  allows  the 
shot  being  kept  small  and  not  covering  so  much  of  my  fuse  wire, 

(2)  Because  of  its  low  specific  heat.,  it  does  not  tend  lo 
abstract,  so  much  heat  from  the  wire  and  impede  its  quickness  iu 
acting. 

From  my  experiments  I  find  that  the  fuses  so  constmcted  can 
be  certified  to  act  within  10  per  cent,  of  the  current  marked  for 
them  to  fuse  at,  and  in  most  cases  within  5  per  cent,  or  less. 
It  is  therefore  clear  that  a  fuse  that  cannot  be  a  source  of  danger 
from  becoming  red-hot,  and  which  also  has  a  definite  breaking  or 
fusing  point,  can  be  made  of  cheap  material  and  relied  upon. 

My  fuse,  loaded  with  its  leaden  ball,  ia  shown  in  Fig.  3, 
Plate  II. 

In  practice,  I  find  it  advisable  to  protect  the  ends  of  my  fuse 
from  damage,  winding  the  wire  round  eyelets,  which  also  serve  to 
form  convenient  ends  for  making  a  good  contact. 

It  is  possible  to  make  fuses  to  protect  single  lamps. 

To  make  certainty  even  more  sure,  the  fuses  are  all  made  to 
standard  lengths  and  diameters,  and  as  far  as  possible  all  fii&es  are 
tested  before  being  sent  out  to  nearly  their  breaking  point.  One 
of  the  boards  for  carrying  out  such  tests  is  upon  the  table. 

It  may  be  thought  that  the  small  weight  always  hanging 
•a  the  wire  would  affect  it  aftet  a  time.     All  ray  teats   in  this 
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direction  prove  thai  ttiis  is  not  so ;  and  even  though  a  current  of  a 
strength  only  just  below  the  breaking  current  be  sent  through  a 
fiise  for  months,  the  sectional  diameter  of  the  wire  at  its  ends  was 
undiminished,  and  there  19  no  sign  of  osidisation.  Tliis  follows, 
because,  if  the  wire  had  become  sufficiently  soft  to  thin,  a 
properly  proportioned  weight  would  have  caused  the  wire  to 
rupture  immediately,  the  action  of  the  load  or  weight  being  felt 
at  the  first  moment  or  sign  of  softening. 

Reference  to  the  various  diagrams  (Plate  II,)  will  show  how 
the  boxes  are  used  and  fitted,  also  how  the  crossing  of  any  of  the 
local  wires  is  avoided. 

I  wish  to  thank  tlie  Electrical  I'ower  Storage  Company  for 
their  kindness  in  lending  the  accumulators  from  which  current  ia 
being  supplied ;  also  to  thank  Messrs.  Binswanger  &  Co.,  Messrs. 
Sudworth  &  Co.,  and  Messrs,  AVoodhouse  &.  Rawson,  for  samples 
of  cut-outs,  Ac. ;  and  Messrs.  R,  A  J,  Beck  A  Co.  for  their  kind 
loan  of  microscopes. 

I  trust  that  I  may  fairly  claim  to  have  carried  my  investiga- 
tions to  a  point  beyond  any  reached  by  those  who  have  preceded 
me  in  this  direction. 


The  PREStDENT  :  I  shall  be  glad  to  hear  the  remarks  of  any  Th» 
gentleman  interested  m  this  subject.  I  would  like  to  point  out 
that  the  idea  of  a  fusible  wire,  or  piece  of  wire,  for  protecting 
apparatus  belongs  to  the  same  family  as  many  of  the  lightning 
protectors  used  for  many  years  to  avoid  damage  by  abnormal 
currents  in  connection  with  telegraph  instrumenta,  used  at  the 
ends  of  submarine  cables  and  land  lines.  The  drawing  before  ns 
of  the  form  iutroduced  by  Prof.  S.  P.  Thompson  has  been  applied 
by  me,  with  a  very  small  difference  of  form,  in  50  different  cases 
in  which  a  rod  has  been  supported  by  the  upper  one  of  a  number 
of  platinum  wires.  Upon  the  fusing  of  the  top  wire  the  rod  would 
drop  down  to  the  nest  below,  and  so  on  in  succession  until  it 
finally  dropped  down  to  "  earth  "  and  so  shut  the  circuit  off  alto- 
gether. A  drawing  and  description  of  this  apparatus  is  given  in 
Temant's  work"  on  the  telegraph  many  years  ago.     I  might  also 
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8BJ  that  the  late  Mr.  C.  V.  IS'alker,  one  of  oar  Past-Presidents, 
had  a  fusible  wire  in  his  hghtning  protectors.  I  should  be  glad 
if  some  one  would  open  the  discussion. 

Sir  David  Salomons:  As  this  subject  may  lead  to  a  long 
disciiBsion,  wonld  it  not  be  well  to  adjourn  the  meeting  ? 

The  President  :  I  think  it  would  be  well  to  adjourn  the  diB- 
cussion  until  the  naeetiug  after  the  inaugural  sddresE  of  next 
year. 

Air.  Alexander  Siemens;  There  might  be  an  extra  meeting 
a  fortnight  after  the  President's  address,  upon  vhich,  of  course, 
there  will  be  no  discussiou. 

The  President  ;  I  should  not  like  to  say  anything  about  that, 
because  the  next  President  has  yet  to  take  hie  seat, 

Mr,  W.  H.  Preece:  I  might  say  this,  8ir — that  I  know  there 
are  about  me  here  several  gentlemen  who  are  very  anxious  to 
speak  on  this  subject.  I  am  jHirt icularly  anxious  to  speak 
myself.  I  shall  probably  occupy  a  quarter  of  an  hour  or  twenty 
minutes,  or  perhaps  more;  and  as  there  are  several  who  are 
equally  anxious  to  speak,  I  thiuk  we  ought  certainly  t-o  have  the 
subject  adjourned ;  and  inasmuch  as  next  Thursday  ie  fixed  for 
the  Soiree  which  you  are  kind  enough  to  give  us,  it  is  impossible 
that  wo  can  hold  another  meeting  this  year.  But  the  subject 
will  grow.  Mr.  Cockbuni  has  given  us  a  great  deal  of  food  for 
thought.  There  are  a  good  many  here  who  may  pursue  the 
subject,  and  therefore  if,  after  the  President's  address,  on  the 
earliest  occasion,  we  have  the  question  reopened,  either  by 
Mr.  Cockburu  again,  or  by  somebody  else,  who  will  give  as  a 
short  paper,  then  I  think  we  can  give  one  or  two  evenings  to 
the  discussion  of  what  is  one  of  the  most  important  subjects 
connected  with  electric  lighting  aud  its  progress.  Therefore  I 
propose  that  the  discussion  be  adjourned  now,  and  that  the  whole 
question  be  reoiiened  on  the  earliest  day  after  the  new  President's 
address  next  year. 

The  President  :  I  sujipose  we  ought  to  say  that  the  proposed 
adjournment  is  arranged  subject  to  the  wishes  of  the  new 
President.  The  opinion  seems  to  he  unanimous,  and  we  will 
suggest   to  our  new  Ptesvieivt  ».i.  a.  loeft'Ovti.^  lA  \ivfc  <!«ia.'icil  that 
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perhaps  be  will  take  the  discosaion  upon  Mr.  Coi-kburu's  paper 
at  a  meeting  after  hie  address. 

Professor  S.  P.  Thompson  :  There  is  one  argument  that  might  ^tottwn 
be  adduced  for  taking  the  discussion  upon  this  subject  as  early 
as  possible,  which  is  that  this  question  of  safety  fuses  somewhat 
affects  the  matters  which  are  at  present  under  the  cognisance  of 
the  committee  deahng  with  Fire  Rules.  I  think  it  is  most 
imixfrtant  that  this  discussion  should  take  place  before  the  report 
of  that  committee  is  made.  It  would  be  nothing  short  of  a  dis- 
aster if  they  were  to  make  their  report  first,  because  two  sets  of 
rules  would  be  set  up  which  would  puzzle  those  desirous  of  setting 
up  good  installations.  I  make  these  remarks  to  show  that  it  is 
important,  to  avoid  the  confusion  of  having  two  sets  of  rules, 

_Dot  to  adjourn  this  discussion  till  too  late. 

Mr.  W.  H.  Preece  ;    As  chairman  of  that  committee,  I  may  jtr,  Pnt**, 
say  that  there  is  not  the  slightest  prospect  or  likelihood  of  the 
committee  altering  any  rule  so  as,  or  of  doing  anything  that  is 
likely,  to  create  confusion  of  any  sort  or  kind. 

The  President  ;  Then  I  think  we  may  consider  the  proposition  Th> 

"carried. 

A  hearty  vote  of  thanks  was  accorded  to  Mr.  Cockbum  for  hia 
very  interesting  and  valuable  paper. 

The  Scratineery  handed  in  tlieir  re^wrt  of  the  result  of  the 
ballot  for  Council  and  Officers,  which  the  President  declared  to  be 
as  follows : — 

Pfee'uhnt : 

Edhahb  Graves. 


Vice-Frceidente : 


J.HorKiN30N,M.A.,D.Sc.,F.R.S. 
Wm.  Crookes,  F.R.S.,  Pres.  C.9. 


Professor  W.  E.  Ayhtos,  F.R.S. 
ALEXiSDER  SlEME-N-S. 
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E.  B.  Bright,  M.  Inst.  C,E. 
Captain  Pmup  Cakdew,  E.E. 
R.  E.  Crompton,  M.  Inst.  C.E. 
Prof.  J.  A.  Flemlsg,  M.A.,  D.Sc. 
Professor  George  Forbes,  M.A., 

F.R.S.S.  (L.  &  E.) 
Captain   Sir  DouGUS  Galtos, 

K.C.B.,  D.C.L.,  F.E.S. 


Ordinary  Members  of  CmtncU : 

GiSBERT  Kapp,  Assoc.  M.  Inet. 

C.E. 
H.  R.  Kempe,  Assoc.  M.Inst.C.E. 
Professor  John  Peert,  M.E., 

D.Sc.,  F.R.S. 
Prof.  A.  W.  RiicKER,5I.A.,F.R.S. 
Sir  David  Salomons,  Bart.,  M.A. 
Augustus  Stroh. 


Assocmte  Members  of  Council : 
W.  T.  GOOLDES,  M.A.  I  W.  SI.  MORDEY. 

Major  M.  T.  Sale,  R.E.,  C.M.G. 

Hanarary  Treasure)': 
Edward  Gra\'es. 

Honwary  Auditors: 
J.   WAfiSTAFF  Blundfxl   (Wagrtaff  Bhiiidoll   &  Co.,  Chartered 

Accountants,  12,  Delahay  Street,  Wes(niinster). 
Frederick  C,  Da>ters,  India  Office,  R.W. 

Honorary  Soiicitors: 
Messrs,  Wilson,  BRisTOWi;,  &  Carpmael,  l,CojithallBml(iing-i,  E.G. 

The  Prksident:  We  are  much  obliged  to  the  Scrutineers 
for  their  services  this  evening,  and  I  beg  to  move  a  heaity  vote 
of  thanks  to  them  for  having  performed  that  duty. 

The  motion  was  carried  unanimously. 

A  ballot  took  jilace,  at  which  the  following  candidate  was 
elected : — 

Student: 


iss:.]    i;xi[[iiiTiiiN  <jv  oiiDNANci:  sukvky  jl'^[T,i:i:  bdok.      m-j 

L'.i[An\n  SaiikL-y,  K.K.,  t■xbibil^'d  tlic  OuluaiKf  ."^urvfy 
Jubilee  Book,  being  practically  a  duplicate  of  the  one  presented 
to  Her  Majesty  the  Queen,  by  the  officers  and  men  of  the 
Department,  descriptive  of  the  work  done  on  the  Ordnance 
Survey  during  the  last  fifty  years ;  with  Bpecimena  of  the  various 
mapa,  photo-zincograph  copies  of  ancient  manuscripts,  and 
electrotype  copper  jjlates.  The  binding  was  formed  of  copper 
plates,  richly  ornamented  with  inlaid  silver,  produced  by  a 
photo-electrotype  process ;  the  whole  being  the  work  of  the 
Department. 

The  thanks  of  the  meeting  were  unanimously  accorded  to 
Captain  Sankey  for  his  kindness  in  ezhibitiog  this  interesting 
memorial. 

The  meeting  then  adjourned. 
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